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(54) Optical disk having an evaluation pattern for evaluating the optical disk 



(57) Pits and lands which have a pit length of 3T. a 
land length of *6T, a pit length of 7T, a land length of *3T. 
a pit length of 6T and a land length of *7T are alternately 
formed in a lead-in area in an inner track area on an 
optical disk as a test pattern for evaluating a read error 
of the optical disk. This test pattern data is reproduced 
by a reproducing system to detect an error rate, a com- 



pensation coefficient for minimizing the error rate is 
acquired, and a reproduction signal is compensated by 
using this compensation coefficient so that the repro- 
duction signal is reproduced with the minimized error 
rate by the reproducing system. 
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Description 

The present invention relates to an optical disk, a 
recording method and data recording apparatus for 
recording data on this optical disk, and a data reproduc- s 
ing method and data reproducing apparatus for repro- 
ducing data from the optical disk. More particularly, an 
optical disk on which a detection signal for permitting 
the detection of a tilt amount is recorded, a recording 
method and data recording apparatus for recording data 1 o 
together with a tilt amount detection signal on this opti- 
cal disk, and a data reproducing method and data repro- 
ducing apparatus for detecting the tilt amount detection 
signal from the optical disk to reproduce data therefrom. 

This invention also relates to an optical disk having is 
an evaluation test pattern, a recording method and data 
recording apparatus for recording reproduction data 
together with evaluation test data on this optical cBsk, 
and a method and apparatus for reading evaluation data 
from the optical disk to evaluate the optical disk. More 20 
particularly, this invention relates to an optical disk on 
which an evaluation test pattern for determining 
whether or not a manufactured optical disk is defective 
is recorded, a recording method and recording appara- 
tus for recording reproduction data together with an 25 
evaluation test pattern on this optical disk, and a 
method and apparatus for detecting an evaluation test 
pattern signal from the optical disk to determine if the 
optical disk is defective. 

With regard to optical disk apparatuses, as one 30 
type of information recording and reproducing appara- 
tus, which optically reproduce information, it is known 
that the greater the relative tift amount between the disk 
reproducing surface and the surface of an objective lens 
becomes, the more the frequency characteristic of 35 
reproduced signals is deteriorated so that the error rate 
at the time of reading data becomes impaired. This rel- 
ative tilt amount is determined by the tilt caused by the 
physical deformation of a disk and the tilt caused by the 
physical inclination of the objective lens of an optical 40 
head. 

To overcome such a problem, there is a conven- 
tional method of mechanically tilting the optical head to 
cancel the relative tilt of the disk reproducing surface 
and the surface of the objective lens as disclosed in, for 45 
example, Jpn. Pat. Appln. KOKAI Publication No. 3- 
142723. This conventional apparatus has an optical 
pickup supported in a tirtable manner and mechanically 
coupled to a motor as a tilting source via a gear. This 
apparatus detects the tilt amount of an optical disk and so 
drives the motor according to the tilt amount to incline 
the optical pickup via the gear, so that the relative tilt 
amount between the objective lens and the optical disk 
is controlled. Such a control system is considered suffi- 
cient to cancel the relative titt between the disk's repro- ss 
ducing surface and the surface of the objective lens. 

Because an apparatus which employs such a con- 
ventional control system has mechanical components 
such as the motor and gear in the control system, tilt 



compensation control in a high band is difficult and tilt 
cannot be compensated in other bands than the control 
band in the vicinity of the DC component range. Further, 
the use of the mechanical components makes it difficult 
to design the apparatus compact As optical disks capa- 
ble of recording a vast amount of information at higher 
density are being developed today, particularly, the tilt 
compensation in the DC component range alone 
becomes insufficient for reproducing, and people are 
demanding of the system which can accurately accom- 
plish tilt compensation in a high band as well as in the 
DC component range. 

For optical disk apparatuses as one type of infor- 
mation recording and reproducing apparatus.which 
optical reproduce data, it is premised that data should 
be recorded at high precision on an optical disk in order 
to reproduce data at high accuracy. If the forming preci- 
sion of pits formed on an optical disk is poor, for exam- 
ple, signals would not be reproduced at a high precision 
or at a low error rate so that data reproduction may 
become disabled. It is also known that if the frequency 
characteristics of reproduced signals becomes poor, the 
error rate at the time of reading data becomes impaired 
while if there is a significant crosstalk component from 
adjoining rows of pits, retrieval data cannot be acquired 
from a target row of pits. 

While there has been a .demand for the system 
which determine at high precision if manufactured opti- 
cal disks are defective, it is considered sufficient for the 
actual reproduction system to check recorded data on 
an optical disk which does not have a relative large stor- 
age capacity in order to determine whether or not data 
recording is satisfactory. As optical disks capable of 
recording a vast amount of and high-density information 
are being developed today, however, people demand for 
the system which can determine at high precision if data 
recording has failed. 

Accordingly, it is the primary object of the present 
invention to provide an optical disk which can optimize 
the characteristics of reproduced signals even if a rela- 
tive tilt occurs between the reproducing surface of the 
disk and the surface of the objective lens. 

It is the second object of the present invention to 
provide a recording method for recording on an optical 
disk a test pattern which can optimize the characteris- 
tics of reproduced signals even if a relative tilt occurs 
between the reproducing surface of the disk and the 
surface of the objective lens. 

It is the third object of the present invention to pro- 
vide a recording apparatus for recording on an optical 
disk a test pattern which can optimize the characteris- 
tics of reproduced signals even if a relative tilt occurs 
between the reproducing surface of the disk and the 
surface of the objective lens. 

ft is the fourth object of the present invention to pro- 
vide a data reproducing method for reproducing from an 
optical disk a test pattern which can optimize the char- 
acteristics of reproduced signals even if a relative tilt 
occurs between the reproducing surface of the disk and 
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the surface of the objective lens, to thereby optimize 
reproduction data. 

It is the fifth object of the present invention to pro- 
vide a data reproducing apparatus for reproducing from 
an optical disk a test pattern which can optimize the 5 
characteristics of reproduced signals even rf a relative 
tilt occurs between the reproducing surface of the disk 
and the surface of the objective lens, to thereby optimize 
reproduction data. 

It is the sixth object of the present invention to pro- w 
vide an optical disk recorded with an evaluation pattern 
for permitting the high-precision determination of 
whether recorded data is proper. 

It is the seventh object of the present invention to 
provide a method of recording on an optical disk repro- is 
duction data together with an evaluation pattern for per- 
mitting the highly-accurate determination of the 
properness of recorded data. 

It is the eighth object of the present invention to pro- 
vide an apparatus of recording on an optical disk repro- 20 
duction data together with an evaluation pattern for 
permitting the highly-accurate determination of the 
properness of recorded data. 

It is the ninth object of the present invention to pro- 
vide a method of reproducing an evaluation pattern for 25 
permitting the highly-accurate determination of the 
properness of recorded data, to thereby determine if an 
optical disk is defective. 

It is the tenth object of the present invention to pro- 
vide an apparatus of reproducing an evaluation pattern 30 
for permitting the highly-accurate determination of the 
properness of recorded data, to thereby determine rf an 
optical disk is defective. 

According to the first aspect of this invention, an 
optical disk comprises: 35 

a data area on which data is recorded in a pattern 
of pits and non-pits, the pits having one of a short- 
est pit length (mT), a longest pit length (nT) and a 
predetermined pit length between the shortest pit 40 
length (mT) and the longest pit length (nT) where T 
is a channel pit length and n and m are integers, the 
non-pits having one of a shortest non-pit length 
(*mT), a longest non-pit length (*nT) and a prede- 
termined non-pit length between the shortest non- 45 
pit length (*mT) and the longest non-pit length 
(*nT); and 

a test pattern area provided outside the data area 
and recorded with a test pattern including a short- 
est pit row having repeated combinations of short- so 
est pits and shortest non-pits, a longest pit row 
having repeated combinations of longest pits and 
longest non-pits, and a predetermined pit row hav- 
ing repeated combinations of pits having a prede- 
termined pit length between the shortest pit length ss 
(mT) and the longest pit length (nT) and non-pits 
corresponding to the pits. 



According to the second aspect of this invention, an 
optical disk system comprises: 

reading means for optically reading a test pattern 
and data as reproduction signals from an optical 
disk including a data area having pits and non-pits 
arranged in accordance with record data, and the 
test pattern having the pits and non-pits arranged 
based on a predetermined arrangement rule; 
detection means for detecting a compensation 
coefficient specific to the apparatus, from a repro- 
duction signal read from the test pattern; and 
compensation means for compensating a repro- 
duction signal read from the data recording area 
with the compensation coefficient. 

According to the third aspect of this invention, a 
method comprises the steps of: 

optically reading a test pattern and data as repro- 
duction signals from an optical disk including a data 
area having pits and non-pits arranged in accord- 
ance with record data, and the test pattern having 
the pits and non-pits arranged based on a predeter- 
mined arrangement rule; 

detecting a compensation coefficient specific to the 
apparatus, from a reproduction signal read from the 
test pattern; and 

compensating a reproduction signal read from the 
data recording area with the compensation coeffi- 
cient. 

According to the fourth aspect of this invention, a 
recording method of recording data on an optical disk 
comprises: 

a data conversion step of converting data to be 
recorded to pit data equivalent to a pattern of pits 
and non-pits, the pits having one of a shortest pit 
length (mT), a longest pit length (nT) and a prede- 
termined pit length between the shortest pit length 
(mT) and the longest pit length (nT) where T is a 
channel pit length and n and m are integers, the 
non-pits having one of a shortest non-pit length 
(*mT), a longest non-pit length (*nT) and a prede- 
termined non-pit length between the shortest non- 
pit length (*mT) and the longest non-pit length 
rnT); 

a step of generating a test signal equivalent to a 
test pattern including a shortest pit row having 
repeated combinations of shortest pits and shortest 
non-pits, a longest pit row having repeated combi- 
nations of longest pits and longest non-pits, and. a 
predetermined pit row having repeated combina- 
tions of pits having a predetermined pit length 
between the shortest pit length (mT) and the long- 
est pit length (nT) and non-pits corresponding to the 
pits; and 
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a step of recording the pit data in a data recording 
area on the optical disk and the test signal in a test 
pattern area different from the data recording area 
on the optical disk, both in a pattern of the pits and 
non-pits. 

According to the fifth aspect of this invention, a 
recording apparatus for recording data on an optical 
disk comprises: 

data conversion means for converting data to be 
recorded to pit data equivalent to a pattern of pits 
and non-pits, the pits having one of a shortest pit 
length (ml), a longest pit length (nT) and a prede- 
termined pit length between the shortest pit length 
(mT) and the longest pit length (nT) where T is a 
channel pit length and n and m are integers, the 
non-pits having one of a shortest non-pit length 
(*mT), a longest non-pit length (*nT) and a prede- 
termined non-pit length between the shortest non- 
pit length (*mT) and the longest non-pit length 
CnT); 

test signal generation means for generating a test 
signal equivalent to a test pattern including a short- 
est pit row having repeated combinations of short- 
est pits and shortest non-pits, a longest pit row 
having repeated combinations of longest pits and 
longest non-pits, and a predetermined pit row hav- 
ing repeated combinations of pits having a prede- 
termined pit length between the shortest pit length 
(mT) and the longest pit length (nT) and non-pits 
corresponding to the pits; and 
recording means for recording the pit data in a data 
recording area on the optical disk and the test sig- 
nal in a test pattern area different from the data 
recording area on the optical disk, both in a pattern 
of the pits and non-pits. 

According to the above-described optical disk, even 
if a relative tilt occurs between the reproducing surface 
of the optical disk and the surface of the objective lens, 
a reproduction signal can be optimized with a compen- 
sation coefficient according to the tilt amount. There- 
fore, the frequency characteristic of the reproduction 
signal is always optimized to ensure the improvement of 
the characteristic of the reproduction signal. This results 
in the improvement of the error rate at the time of read- 
ing data. 

According to the sixth aspect of this invention, an 
optical disk comprises : 

a data recording area on which data is recorded in 
a pattern of pits and non-pits, the pits having one of 
a shortest pit length (mT). a longest pit length (nT) 
and a predetermined pit length between the short- 
est pit length (mT) and the longest pit length (nT) 
where T is a channel pit length and n and m are 
integers, the non-pits having one of a shortest non- 
pit length (*mT), a longest non-pit length (*nT) and 



a predetermined non-pit length between the short- 
est non-pit length (*mT) and the longest non-pit 
length (*nT); and 

a test pattern area provided outside the data 
5 recording area and formed with a test pattern for 

determining a recording state of the optical disk 
recorded with a test pattern associated with a com- 
bination of shortest pits having the shortest pit 
length (mT), shortest non-pits having the shortest 
10 non-pit length (*mT), pits being selected from 
among pits having a predetermined pit length 
between the shortest pit length (mT) and the long- 
est pit length (nT), and non-pits corresponding to 
the selected pits. 

15 

According to the seventh aspect of this invention, 
an optical disk evaluating apparatus comprises: 

reading means for optically reading a test pattern 
20 and data as reproduction signals from an optical 
disk including a data recording area having pits and 
non-pits arranged in accordance with record data, 
and the test pattern having the pits and non-pits 
arranged based on a predetermined arrangement 
25 rule; and 

detection means for detecting evaluation data spe- 
cific to an optical disk, from a reproduction signal 
read from the test pattern. 

30 According to the eighth aspect of this invention, an 
optical disk evaluating method comprises: 

a reading step of optically reading a test pattern 
and data as reproduction signals from an optical 
35 disk including a data recording area having pits and 
non-pits arranged in accordance with record data, 
and the test pattern having the pits and non-pits 
arranged based on a predetermined arrangement 
rule; 

40 a detection step of detecting evaluation data spe- 
cific to an optical disk, from a reproduction signal 
read from the test pattern; and 
a step of determining from the evaluation data if the 
optical disk is defective. 

45 

According to the ninth aspect of this invention, a 
recording method of recording data on an optical disk 
comprises: 

so a data conversion step of converting data to be 
recorded to pit data equivalent to a pattern of pits 
and non-pits, the pits having one of a shortest pit 
length (mT), a longest pit length (nT) and a prede- 
termined pit length between the shortest pit length 

55 (mT) and the longest pit length (nT) where T is a 
channel pit length and n and m are integers, the 
non-pits having one of a shortest non-pit length 
(*mT), a longest non-pit length (*nT) and a prede- 
termined non-pit length between the shortest non- 
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pit length (*mT) and the longest non-pit length 
rnT); 

a step of generating a test signal equivalent to a 
test pattern provided outside the data recording 
area and associated with a combination of shortest s 
pits having the shortest pit length (mT). shortest 
non-pits having the shortest non-pit length (*mT). 
pits being selected from among pits having a prede- 
termined pit length between the shortest pit length 
(mT) and the longest pit length (nT), and non-pits io 
corresponding to the selected pits: 
a step of recording the pit data in a data recording 
area on the optical disk and the test signal in a test 
pattern area different from the data recording area 
on the optical disk, both in a pattern of the pits and is 
non-pits. 

According to the tenth aspect of this invention, a 
recording apparatus of recording data on an optical disk 
comprises: 20 

data conversion means for converting data to be 
recorded to pit data equivalent to a pattern of pits 
and non-pits, the pits having one of a shortest pit 
length (mT). a longest pit length (nT) and a prede- 25 
termined pit length between the shortest pit length 
(mT) and the longest pit length (nT) where T is a 
channel pit length and n and m are integers, the 
non-pits having one of a shortest non-pit length 
(*mT), a longest non-pit length (*nT) and a prede- 30 
termined non-pit length between the shortest non- 
pit length (*mT) and the longest non-pit length 
CnT); 

test signal generation means for generating a test 
signal equivalent to a test pattern provided outside 35 
the data recording area and associated with a com- 
bination of shortest pits having the shortest pit 
length (mT), shortest non-pits having the shortest 
non-pit length (*mT) f pits being selected from 
among pits having a predetermined pit length 40 
between the shortest pit length (mT) and the long- 
est pit length (nT), and non-pits corresponding to 
the selected pits; 

recording means for recording the pit data in a data 
recording area on the optical disk and the test sig- 45 
nal in a test pattern area different from the data 
recording area on the optical disk, both in a pattern 
of the pits and non-pits. 

With the use of the above<lescribed optical disk, so 
the properness of the formation of pits can be deter- 
mined by detecting and evaluating a reproduction signal 
from a pit row of the shortest pits and the shortest non- 
pits and a pit row of the longest pits and the longest non- 
pits. It is possible to evaluate the frequency characteris- ss 
tic of a reproduction signal by evaluating a reproduction 
signal from the test pattern, which has a pit row (nT + 
*nT) having pits with the longest pit length (nT) and non- 
p'rts with the longest non-pit length (*nT) repeated, a pit 



row (mT + *mT) having pits with the shortest pit length 
(mT) and non-pits with the shortest non-pit length (*mT) 
repeated, and a pit row [(m+1)T + *(m+1)T], {(m+2)T + 
*(m+2)T), [(rm4)T + *(rm4)T] and [(m+8)T + *(m+8)T] 
equivalent to a pit row between a shortest pit length row 
(mT + *mT) and a predetermined pit length row and 
having pits having pit lengths (rrn-1)T, (rrw-2)T. (rrv+4)T 
and (m+8)T and non-pits having non-pit lengths 
*(m+1)T, *(m+2)T, *(m+4)T and *(m+8)T repeated, the 
latter pits lengths and non-pit lengths having no multipli- 
cation relation with one another between the shortest pit 
length row (mT + *mT) and the predetermined pit length 
row. It is also possible to evaluate the crosstalk charac- 
teristic of a reproduction signal by evaluating a repro- 
duction signal from the test pattern in which the shortest 
pit length row (mT + *mT) is repeated over one track on 
the optical disk as a test pattern, and a pit length row 
[(m+1)T + *(m+1)T] and a pit length row [(m+2)T + 
*(m+2)T] are repeated over one track on the optical disk 
as a track adjacent to the shortest pit length row (mT + 
*mT) equivalent to the center track. 

According to another first aspect of the invention, 
there is provided an optical disk comprising: a data 
recording area on which data is recorded in a pattern of 
pits and lands, the pits having one of a shortest pit 
length (3T), a longest pit length (kT) and a pit length 
between the shortest pit length (3T) and the longest pit 
length (kT) where T is a channel pit length. 3 < n < m < 
k and n, m and k are integers, the lands having one of a 
shortest non-pit length (*3T), a longest non-pit length 
(*kT) and a non-pit length between the shortest non-pit 
length (*3T) and the longest non-pit length (*kT); and a 
test pattern area provided outside the data recording 
area and recorded with a test pattern having a pattern of 
pits with a pit length 3T, lands with a land length *mT, 
pits with a pit length nT, lands with a land length of *3T. 
bits with a pit length mT and lands with a land length *nT 
repeated. 

According to another second aspect of the inven- 
tion, there is provided an optical disk retrieving appara- 
tus comprising: reading means for optically reading a 
test pattern and data as reproduction signals from an 
optical disk including a data recording area having pits 
and non-pits arranged in accordance with record data, 
and the test pattern having the pits and non-pits 
arranged based on a predetermined arrangement rule; 
detection means for detecting an error rate of a repro- 
duction signal read from the test pattern; and compen- 
sation means for compensating a reproduction signal so 
as to minimize the error rate. 

According to another third aspect of the invention, 
there is provided an optical disk playing method com- 
prising the steps of: optically reading a test pattern and 
data as reproduction signals from an optical disk includ- 
ing a data recording area having pits and non-pits 
arranged in accordance with record data, and the test 
pattern having the pits and non-pits arranged based on 
a predetermined arrangement rule; detecting an error 
rate of a reproduction signal read from the test pattern; 
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and compensating a reproduction signal so as to mini- 
mize the error rate. 

According to another fourth aspect of the invention, 
there is provided a recording method of recording data 
on an optical disk comprising: a data conversion step of s 
converting data to be recorded to pit data equivalent to 
a pattern of pits and lands, the pits having one of a 
shortest pit length (37), a longest pit length (kT) and a 
pit length between the shortest pit length (3T) and the 
longest pit length (kT) where T is a channel pit length, 3 10 
< n < m < k and n. m and k are integers, the lands hav- 
ing one of a shortest non-pit length (*3T), a longest non- 
pit length (*kT) and a non-pit length between the short- 
est non-pit length (*3T) and the longest non-pit length 
(*kT); a step of preparing a test signal equivalent to a is 
test pattern provided outside the data recording area 
and having a pattern of pits with a pit length having one 
of 3T, mT, nT f lands with a land length having another 
one of 3T, mT, nT, pits with a pit length having remaining 
one of 3T, mT, nT, lands with a land length having one of 20 
3T f mT, nT, bits with a pit length having another one of 
3T, mT, nT and lands with a land length having remain- 
ing one of 3T, mT, nT repeated; and a step of recording 
the pit data in a data recording area on the optical disk 
and the test signal in a test pattern area different from 25 
the data recording area on the optical disk, both in a pat- 
tern of the pits and non-pits. 

According to another fifth aspect of the invention, 
there is provided a recording apparatus for recording 
data on an optical disk comprising: data conversion so 
means for converting data to be recorded to pit data 
equivalent to a pattern of pits and lands, the pits having 
one of a shortest pit length (3T), a longest pit length (kT) 
and a pit length between the shortest pit length (3T) and 
the longest pit length (kT) where T is a channel pit 35 
length, 3 < n < m < k and n, m and k are integers, the 
lands having one of a shortest non-pit length (*3T), a 
longest non-pit length (*kT) and a non-pit length 
between the shortest non-pit length (*3T) and the long- 
est non-pit length (*kT); means for preparing a test sig- 40 
nal equivalent to a test pattern provided outside the data 
recording area and having a pattern of pits with a pit 
length having one of 3T, mT, nT, lands with a land length 
having another one of 3T, mT, nT, pits with a pit length 
having remaining one of 3T, mT, nT, lands with a land 45 
length having one of 3T, mT, nT, bits with a pit length 
having another one of 3T, mT, nT and lands with a land 
length having remaining one of 3T, mT. nT repeated; 
and recording means for recording the pit data in a data 
recording area on the optical disk and the test signal in so 
a test pattern area different from the data recording area 
on the optical disk, both in a pattern of the pits and non- 
pits. 

This invention can be more fully understood from 
the following detailed description when taken in con- ss 
junction with the accompanying drawings, in which: 



FIG. 1 is a block diagram schematically showing an 
optical disk apparatus according to the first embod- 
iment of this invention; 

FIG. 2 is a block diagram showing the details of a 
disk drive apparatus shown in FIG. 1 ; 
FIG. 3 is a perspective view schematically depicting 
the structure of an optical disk shown in FIG. 1 ; 
FIG. 4 is a plan view of an optical disk shown in 
FIGS. 1 and 3; 

FIG. 5A is a plan view showing a row of longest pits 
as a test pattern to be formed on the optical disk 
shown in FIG. 4; 

FIG. 5B is a waveform diagram illustrating the 
waveform of a reproduction signal reproduced from 
the longest pit row shown in FIG. 5A; 
FIG. 6A is a plan view showing a row of shortest 
pits as a test pattern to be formed on the optical 
disk shown in FIG. 4; 

FIG. 6B is a waveform diagram illustrating the 
waveform of a reproduction signal reproduced from 
this shortest pit row; 

FIG. 7 is a graph showing MTF signals which are 
reproduced from the shortest pit row. the longest pit 
row and a pit row having different pit lengths lying 
between the shortest pit length and the longest pit 
length, as a test pattern; 

FIG. 8 is a plan view depicting a center pit row as a 
test pattern and adjoining pit rows; 
FIG. 9A is a graph showing MTF signals which are 
reproduced from the shortest pit row 3T, the longest 
pit row 1 1T and a pit row having different pit lengths 
5T, 7T and 9T lying between the shortest pit length 
and the longest pit length, as a test pattern; 
FIGS. 9B and 9C are waveform diagrams showing 
reproduced signals from the shortest pit row 3T and 
the longest pit row 1 1T as a test pattern; 
FIG. 10 is a block diagram illustrating a tilt compen- 
sation circuit, which is incorporated in the optical 
disk apparatus shown in FIG. 1 and compensates a 
reproduction signal using a test signal; 
FIG. 1 1 is a graph showing the frequency charac- 
teristic of an idealistic reproduction signal with 
respect to the test pattern; 

FIG. 12 is a graph showing the frequency charac- 
teristic of an actual reproduction signal containing a 
tilt component with respect to the test pattern; 
FK3. 13A presents a graph showing the frequency 
characteristic of a reproduction signal containing a 
tilt component; 

FIG. 13B presents a graph showing the frequency 
characteristic of a transversal filter; 
FIG. 13C presents a graph showing a combined 
frequency characteristic acquired by combining the 
frequency characteristic of a reproduction signal 
containing a tilt component and the frequency char- 
acteristic of a transversal filter; 
FIG. 1 4A is a plan view depicting a row of pits show- 
ing an evaluation pattern according to another 
embodiment of this invention; 
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FIG. 14B is a waveform diagram showing a repro- 
duction signal from the pit row show in FIG. 14A; 
FIG. 15 is a schematic diagram showing the struc- 
ture of data of an evaluation pattern shown in FIG. 
14A; s 
FIG. 16 is a block diagram illustrating a tilt compen- 
sation circuit, which is incorporated in the optical 
disk apparatus shown in FIG. 1 and compensates a 
reproduction signal using an evaluation pattern; 
FIG. 17 is a flowchart illustrating how the compen- 10 
sation circuit shown in FIG. 16 compensates a 
reproduction signal using the evaluation pattern 
shown in FIG. 14A; 

FIG. 1 8 is a block diagram of an encoder system for 
encoding picture data to produce a picture file; is 
FIG. 19 is a flowchart illustrating the encoding proc- 
ess in the encoder system shown in FIG. 18; 
FIG. 20 is a flowchart illustrating how to prepare a 
file of picture data by combining main picture data, 
audio data and sub-picture data encoded by the so 
flow shown in FIG. 1 5; 

FIGS. 21 and 22 are block diagrams illustrating disk 
formatter systems for recording a formatted picture 
f ile on an optical disk; 

FIG. 23 is a flowchart illustrating how the disk for- 25 
matters shown in FIGS. 21 and 22 prepare logic 
data to be recorded on a disk; 
FIG. 24 is a flowchart showing how physical data to 
be recorded on a disk is prepared from logic data; 
FIG. 25 is a graph for explaining a C/N ratio which 30 
is a ratio of a carrier level to a noise level; 
FIG. 26 is a graph showing the frequency charac- 
teristic of a reproducing system with respect to a pit 
row associated with the test pattern of a third group; 
and 35 
FIG. 27 is a graph for explaining the crosstalk char- 
acteristic. 

Optical disks and optical disk retrieving appara- 
tuses according to preferred embodiments of the *o 
present invention will now be described with reference 
to the accompanying drawings. 

FIG. 1 presents a block diagram of an optical disk 
retrieving apparatus according to the first embodiment 
of this invention which reproduces data from an optical 45 
disk, FIG. 2 presents a block diagram of a disk drive 
section shown in FIG. 1 which drives the optical disk 
shown in FIG. 1 , and FIGS. 3 and 4 illustrate the struc- 
ture of the optical disk shown in FIGS. 1 and 2. 

As shown in FIG. 1 , the optical disk retrieving appa- so 
ratus comprises a key operation/display section 4, a 
monitor section 6 and a speaker section 8. As a user 
manipulates the key operation/display section 4, 
recorded data is reproduced from an optical disk 10. 
The recorded data includes picture data, sub-picture ss 
data and audio data, which are converted to a video sig- 
nal and an audio signal. The monitor section 6 displays 
a picture based on the audio signal, and the speaker 
section 8 generates sounds based on the audio signal. 



As is know, the optical disk 10 can have various 
structures. This optical disk 10 may be a read only disk 
on which data is recorded at a high density as shown in 
FIG. 3. As shown in FIG. 3. the optical disk 10 com- 
prises a pair of composite layers 18 and an adhesion 
layer 20 intervened between those composite disk lay- 
ers 18. Each composite disk layer 18 has a transparent 
substrate 14 and a recording layer or a light reflection 
layer 20. The light reflection layer 16 in the disk layer 18 
is so arranged as to contact the adhesion layer 20. This 
optical disk 10 has a center hole 22 with clamping areas 

24 provided on both sides of the optical disk 10 and 
around the center hole 22 for clamping the optical disk 
10 when it rotates. When the optical disk 10 is loaded 
into the optical disk apparatus, the spindle of a spindle 
motor 12 shown in FIG. 2 is inserted into the center hole 
22, and the optical disk 10 is clamped by the clamping 
areas 24 while the disk 10 rotates. 

As shown in FIG. 3, the optical disk 10 has informa- 
tion recording areas 25 around the clamping areas 24 
on both sides of the optical disk 10. where information 
can be recorded. Each information recording area 25 
has its outer peripheral area defined as a lead-out area 
26 where no information is normally recorded, an inner 
peripheral area defined as a lead-in area 27 which is 
adjoining to the associated clamping area 24 and where 
no information is normally recorded, and a data record- 
ing area 28 defined between the lead-out area 26 and 
the lead-in area 27. The data recording area 28 has a 
predetermined logic format which is specified as the 
specific standards to this optical disk. Please refer to the 
specification in U.S. Patent Serial No. Toshiba reference 
No. 3ZG19022-USA-A, Toshiba reference No. and our 
reference N.o. 95S0603 filed January 30. 1996 by 
Kikuchi et al. (corresponding EPC Application No. 
96101282.0) for the details of the logic format. 

Tracks are continuously formed in a spiral form on 
the recording layer 16 of the information recording area 

25 as an area where data is to be recorded. The contin- 
uous tracks are separated into a plurality of physical 
sectors which are given with sequential numbers. Data 
is recorded sector by sector. The data recording area 28 
of the information recording area 25 is the actual data 
recording area where reproduction information, video 
data, sub-picture data and audio data are recorded as 
pits (i.e.. physical changes) are recorded as will be dis- 
cussed later. For the read only optical disk 10, rows of 
pits are previously formed on the transparent substrate 
14 by a stamper, a reflection layer is vapor-deposited on 
the pits-formed transparent substrate 14, and this 
reflection layer is formed as the recording layer 16. In 
the red only optical disk 10. normally, grooves as tracks 
are not provided but pit rows formed on the transparent 
substrate 14 are specified as tracks. 

As shown in FIG. 4. as one example of a test pat- 
tern for evaluating rows of pits formed on the optical disk 
10. the following four groups of pit rows are formed in 
both of or at least one of an area 29B outside the lead- 
out area 26 and contacting the area 26 and an area 29A 
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outside the lead-in area 27 and contacting the area 27. 
The test pattern of the four groups is recorded in the 
inner area 29A outside the lead-in area 27 and contact- 
ing the area 27 when being recorded as evaluation data 
by an external signal generator, as separate from data 5 
to be reproduced like video data, as will be explained 
later. When evaluation data is provided at the head of 
data to be reproduced like video data so that the repro- 
duction data is recorded following the evaluation data, 
however, the test pattern may be recorded in the lead-in w 
area 27. As will be discussed later with reference to 
FIGS. 14 A, 14B and 15 as another embodiment, evalu- 
ation data of a 3T-6T-7T pattern is recorded in the lead- 
in area 27. 

In the following description of a pit row equivalent to is 
the test pattern of the four groups, "T represents the 
channel bit length, n and m are integers "(□ T)" repre- 
sents a pit length and "(*a T)" represents a non-pit 
length equivalent to the interval between adjoining pits. 
According to the optical disk retrieving apparatus shown 20 
in FIGS. 1 and 2, because the optical disk 10 is a CLV 
(Constant Linear Velocity) type whose rotational speed 
is changed in accordance with the radial position and 
whose tracks are scanned at a constant linear velocity 
by a light beam, pit lengths nT and mT are formed with 25 
given lengths over the inner track to the outer track of 
the optical disk 10. 

(a) First group of a pit row (nT + *nT) of the longest 

pit length having pits and non-pits with the longest 30 
pit length (nT) repeated as shown in FIG. 5A. 

(b) Second group of a pit row (mT + *mT) of the 
shortest pit length having pits and non-pits with the 
shortest pit length (mT) repeated as shown in FIG. 

6A. 35 

(c) Third group of a repeated pit row having a 
repeated pattern of pits and non-pits which have 
the following pit lengths equivalent to those 
between the shortest pit length row [(m+8)T + 
*(m+8)7] and a predetermined pit length row (8mT 40 
+ *8mT) and which have no multiplication relation 
with one another between the shortest pit length 
row (mT + *mT) and the predetermined pit length 
row: 

45 

[(mT + *mT)] [repeated p times] 
[(m+1)T + *(m+1)T)] [repeated q times] 
[(m+2)T + *(m+2)T)] [repeated r times] so 
[(m+4)T + *(m+4)T)] [repeated s times] 



Specifically speaking, [(m+8)T + *(m+8)T)] is equiv- 
alent to the longest pit length row (nT + *nT). 
(d) Fourth group of a length row, as shown in 
FIG. 8. in which the shortest pit length row (mT + 
*mT) is repeated over one track on the optical disk 
10, the pit length row [(m+1)T + *(m+1)T)] as a track 
adjoining to the shortest pit length row (mT + *mT) 
corresponding to the center track is repeated over 
the innermost track in the diagram on the optical 
disk 10, and the pit length row [(m+2)T + *(m+2)T)] 
is repeated over the next track on the optical disk 
10, adjacent to the shortest pit length row (mT + 
*mT) corresponding to the center track. In the forth 
group, as shown in FIG. 8, the pit length row 
[(m+1)T + *(m+1)T) as the inner track, the pit length 
row (mT + *mT) as the center track, and the pit long 
row [(m+2) + *(rrv»-2)T| as the outer track are 
arranged along the radial direction of the optical 
disk 10. However, the pit length row [(m+2)T + 
*(m+2)T] as the inner track, the pit length row (mT + 
*mT) as the center track, the pit length row [(m+1)T 
+ *(m+1)T| as the outer track may be arranged 
along the radial direction of the optical disk 10 in 
stead of the arrangement shown in FIG. 8. 

More specifically, the pit length rows of the first 
group to the fourth group have the following relationship 
with (m = 3) and (n = 11). 

(a) First group: a pit row (1 1T + *1 1T) having pits 
and non-pits with the longest pit length (31) 
repeated. 

(b) Second group: a pit row (3T + *3T) having pits 
and non-pits with the shortest pit length (37) 
repeated. 

(c) Third group: a repeated pattern of the following 
pit length rows. 

(3T + *3T) [repeated p times] 

(4T + *4T) [repeated q times] 

(6T + *6T) [repeated r times] 

(7T + *7T) [repeated s times] 

(1 1 T + *1 1 7) [repeated t times] 



As mentioned above, pit rows of (4T + *4T), (6T 
+ *6T) and (7T + *7T) are equivalent to pit rows 
between the shortest pit length row <3T + *3T) and 
a predetermined pit length (11T + *11T), and they 
do not have a multiplication relation with each other, 
(d) Fourth group: a pit length row in which the short- 
est pit length row (4T + *4T) is repeated over one 
track on the optical disk 10, the pit length row (5T + 
*5T) as a track adjoining to the shortest pit length 
row (4T + *4T) corresponding to the center track is 



[(m+8)T + *(m+8)T)] [repeated t times] 

where p>q>r>s>tis satisfied and times needed 
to reproduce pit rows repeated p, q. r, s and t times 
are so selected to become approximately constant. 



8 



BNSDOCI& <€P_ 0737976A1_L> 



15 



EP 0 737 976 A1 



16 



repeated over the innermost track in the diagram on 
the optical disk 10. and the pit length row (6T + *6T) 
is repeated over the next track on the optical disk 
10. adjacent to the shortest pit length row (4T + 
*4T) corresponding to the center track 

As another example of the test pattern, the follow- 
ing pit rows may be formed. 

(a) First group of a pit row (nT + *nT) of the longest 
pit length having pits and non-pits with the longest 
pit length (nT) repeated as shown in FIG. 5A. 

(b) Second group of a pit row (mT + *mT) of the 
shortest pit length having pits and non-pits with the 
shortest pit length (mT) repeated as shown in FIG. 
6A. 

As another example, the pit rows may have the 
following relationships. 

<c) Third group of a repeated pit row having a 
repeated pattern having the following pit lengths 
equivalent to those between the shortest pit length 
row (mT + *mT) and a predetermined pit length row 
[(m+14)T + *(rm14)T] and which have no multipli- 
cation relation with one another between the short- 
est pit length row (mT + *mT) and the 
predetermined pit length row: 

[(mT + *mT)] [repeated p times] 

[(m+1)T + *(m+1)T)] [repeated q times] 

[(m+3)T + *(rm3)T)] [repeated r times] 

[(m+7)T + *(m+7)T)] [repeated s times] 

[(m+14)T + *(m+14)T)] [repeated t times] 

where p>q>r>s>tis satisfied and times needed 
to reproduce pit rows repeated p, q. r. s and t times 
are so selected to become approximately constant. 
Specifically speaking. [(m+14)T + *(m+l4)T)] is 
equivalent to the longest pit length row (nT + *nT). 
(d) Fourth group of a pit length row. as shown in 
FIG. 8. in which the shortest pit length row (mT + 
*mT) is repeated over one track on the optical disk 
10. the pit length row [(m+1 )T + *(m+1 )T)] as a track 
adjoining to the shortest pit length row (mT + *mT) 
corresponding to the center track is repeated over 
the innermost track in the diagram on the optical 
disk 10. and the pit length row [(m+2)T + *(m+2)T)] 
is repeated over the next track on the optical disk 
10. adjacent to the shortest pit length row (mT + 
*mT) corresponding to the center track. 

More specifically, the pit length rows of the first 
group to the fourth group in the above example have the 
following relationship with (n = 18) and (m = 4). 



(a) First group: a pit row (18T + *18T) having pits 
and non-pits with the longest pit length (18T) 
repeated. 

(b) Second group: a pit row (4T + *4T) having pits 
5 and non-pits with the shortest pit length (4T) 

repeated. 

(c) Third group: a repeated pattern of the following 
pit length rows. 

w (4T + *4T) [repeated p times] 

(5T + *5T) [repeated q times) 

(7T + *7T) [repeated r times] 

15 

(1 1T + *1 1T) [repeated s times] 
(18T + *18T) [repeated t times] 

20 

Likewise, pit rows of (5T + *T), (7T + *7T) and 
(1 1T + *1 1T) are equivalent to pit rows between the 
shortest pit length row (4T + *4T) and a predeter- 
mined pit length (18T + *1 8T), and they do not have 
25 a multiplication relation with each other. 

(d) Fourth group: a pit length row in which the short- 
est pit length row (4T + *4T) is repeated over one 
track on the optical disk 1 0. the pit length row (5T + 
*5T) as a track adjoining to the shortest pit length 

30 row (4T + *4T) corresponding to the center track is 
repeated over the innermost track in the diagram on 
the optical disk 1 0. and the pit length row (6T + *6T) 
is repeated over the next track on the optical disk 
10, adjacent to the shortest pit length row (4T + 

35 *4T) corresponding to the center track. 

As will be discussed later, the properness of pits 
formed on the optical disk which is prepared from a 
stamper or a master disk, is evaluated from the repro- 

40 duced waveforms of the first and second groups as 
shown in FIGS. 5B and 6B. When the pit row of the third 
group is converted to a reproduction signal by a light 
beam, an MTF (Modulation Transfer Function) signal as 
shown in FIG. 7 is acquired. With regard to this MTF sig- 

45 nal, the shorter the pit length is, the lower the amplitude 
of the reproduction signal becomes, and the longer the 
pit length is, the higher the amplitude of the reproduc- 
tion signal becomes. The frequency characteristic of the 
reproduction signal reproduced from the pits can be 

so evaluated from the characteristic of the MTF signal 
shown in FIG. 7. 

As the pit row of the fourth group, as^hown in FIG. 
8. consists of the pit length row <mT + *mT) correspond- 
ing to the center track and the pit length rows [(m+1 )T + 

55 *(m+1 )T)] and [(m+2)T + *(m+2)T)] corresponding to the 
tracks adjoining to the center track, it is possble to eval- 
uate the crosstalk from the adjoining tracks which is 
included in the reproduction signal. The amount of 
crosstalk Ct (= Br - At (dB)) is equivalent to the ampli- 



9 



BNSDOCIO <|P . _ _0737976A1_I_> 



17 



EP 0 737 976 A1 



18 



tude At of the reproducing track (corresponding to the 
center track) minus the amplitude Br of the adjoining 
track. 

In addition to the pit rows of the first group to the 
fourth group formed in both of or at least one of the lead- 
out area 26 and the lead-in area 27, a second test pat- 
tern for compensating the relative tilt amount between 
the reproducing surface of the optical disk 10 and the 
surface of an objective lens 34 is formed as a pit row of 
the fifth group. In the pit row of the fifth group, a 
repeated pattern of the individual pit rows from the 
shortest pit length (mT + *mT) to the longest pit length 
(nT + *nT) arranged in the order of pit lengths. 

In the first example of the fifth group, m = 3 and n = 
1 1 , and a pit row having the pit lengths from 3T to 1 1T 
are arranged. As another example of the fifth group, m 
= 4 and n = 1 8, and a pit row having the pit lengths from 
4T to 18T are arranged. In the first example of the fifth 
group, when the second test pattern is reproduced, an 
MTF signal as shown in FIGS. 9A, 9B and 9C is repro- 
duced, m = 3 and n = 1 1 , and a pit row having the pit 
lengths from 3T to 11T are arranged. As will be dis- 
cusseo in detail later, the relative tilt amount between 
the reproducing surface of the optical disk 10 and the 
surface of the objective lens 34 is compensated by this 
MTF signal. H is understood from FIG. 9A that the 
number of repeats of each pit row is so set as that the 
time for reproducing that repeated pit row becomes 
approximately constant as in the case of the repeating 
numbers of the third group (from p to t). The MTF signal 
shown in FIG. 9A is a set of the signal waveforms corre- 
sponding to the individual pits as is apparent from the 
signal waveforms in FIGS. 9B and 9C which are the 
enlarged signal waveforms of the MTF signal. 

Now, the optical disk retrieving apparatus for repro- 
ducing data from such an optical disk 10 will be dis- 
cussed with reference to FIGS. 1 and 2. The optical disk 
retrieving apparatus causes a disk drive section 30 to 
scan the optical disk 10 with a light beam. More specifi- 
cally, as shown in FIG. 2, the optical disk 10 is placed on 
the spindle motor 12 which is driven by a motor driver 
11, and is rotated at a constant linear velocity by this 
spindle motor 12. Located below the optical disk 10 is 
an optical head or optical pickup 32 which focuses a 
light beam or laser beam on the optical disk 10. This 
optical head 32 is mounted on a guide mechanism (not 
shown) which is movable in the radial direction of the 
optical disk 10 to seek particularly the data recording 
area 28. The optical head 32 is moved in the radial 
direction of the optical disk 1 0 by a feed motor 33 which 
is driven by a drive signal from a driver 37. The objective 
lens 34 is supported movable along its optical axis with 
respect to the optical disk 1 0. In response to a drive sig- 
nal from a focus driver 36, the objective lens 34 is 
moved along the optical axis to be always kept on-focus 
to form a minute beam spot on the recording layer 16. 
This objective lens 34 is so supported as to be slightly 
movable in the radial direction of the optical disk 10. In 
response to a drive signal from a track driver 38. there- 



fore, the objective lens 34 is slightly shifted to be always 
kept in a tracking state so that tracks on the recording 
layer 16 are tracked with the light beam. 

The optical head 32 detects the light beam reflected 

5 from the optical disk 10, and supplies the detection sig- 
nal to a servo processor 44 via a head amplifier 40. The 
servo processor 44 produces a focus signal, a tracking 
signal and a motor control signal from the detection sig- 
nal, and supplies those signals to the respective drivers 

w 36. 38 and 1 1 . As a result, the objective lens 34 is kept 
in the on-focus state and the tracking state, the spindle 
motor 12 is rotated at a predetermined speed, and the 
tracks on the recording layer are tracked with a light 
beam at. for example, a constant linear velocity. When a 

is control signal as an access signal is supplied to the 
servo processor 44 from a system CPU section 50, the 
servo processor 44 sends a move signal to the driver 
37. Consequently, the optical head 32 is moved in the 
radial direction of the optical disk 10. and a predeter- 

20 mined sector on the recording layer 16 is accessed so 
that reproduced data is output from the disk drive sec- 
tion 30 after being amplified by the head amplifier 40. 
The output reproduced data is stored in a data RAM 
section 56 via the system CPU section 50 and a system 

25 processor section 54, which are controlled by a program 
recorded in a system ROM and RAM section 52. The 
stored reproduced data is processed by the system 
processor section 54 to be classified into video data, 
audio data and sub-picture data, which are respectively 

30 sent to a video decoder section 58, an audio decoder 
section 60 and a sub-picture decoder section 62 to be 
decoded. A D/A and reproduction processor 64 con- 
verts the decoded video data, audio data and sub-pic- 
ture data to an. analog video signal, an analog audio 

35 signal and an analog sub-picture signal, and performs 
signal mixing so that the video signal and sub-picture 
signal are supplied to the monitor section 6 and the 
audio signal is supplied to the speaker section 8. As a 
result, a picture is displayed on the monitor section 6 

40 and sounds are produced from the speaker section 8. 

As described above, when the reproduction opera- 
tion of the optical disk retrieving apparatus shown in 
FIGS. 1 and 2 starts, both of or at least one of the inner 
area 29A outside the lead-in area 27 and contacting the 

45 area 27 and the outer area 29B outside the lead-out 
area 26 and contacting the area 26 is searched for the 
pit row of the fifth group equivalent to the second test 
pattern for detecting the tilt amount, and the reproduc- 
tion signal of the pit row is read into a data processor 42 

so in FIG. 2. Based on the detected tilt amount, the tilt com- 
ponent included in the reproduction signal at the time of 
searching the data area 25 is substantially removed in 
the following manner. 

A tilt compensation circuit incorporated in the data 

55 processor 42 is illustrated in FIG. 10. As already 
described earlier, information recorded on the optical 
disk 1 0 is picked up by the optical head 32 and the ana- 
log reproduction signal is sent to the head amplifier 40. 
After being amplified by the head amplifier 40, this ana- 
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log reproduction signal is supplied to a 5-tap transversal 
filter 104 comprising delay circuits 121 to 124 to com- 
pensate its signal waveform as will be described later. 
The resultant signal is supplied to a binarization circuit 
105. The binarization circuit 105 binarizes the reproduc- 
tion signal reproduction signal, and the resultant digital 
reproduction signal is sent to a PLL circuit 106 to be 
reproduced in response to a dock. The resultant signal 
is then demodulated by a demodulator 107 after which 
the demodulated signal is sent to the system processor 
54. 

While, as has already been explained above, pit 
rows as the second test pattern belonging to the fifth 
group are formed on the optical disk 10 as shown in 
FIG. 4. the pit rows belonging to the fifth group are 
detected first at the time of reproduction. The following 
will explain the pit rows 4T to 18T as one example. 
When the pit rows 4T to 18T as the test pattern are 
reproduced, an MTF reproduction signal is reproduced 
and is subjected to A/D conversion by an A/D converter 
109. From this digital MTF reproduction signal, the sys- 
tem CPU section 50 acquires a compensation coeffi- 
cient which compensates the pit rows 4T to 18T 
associated with the second test pattern in such a way as 
to have the idealistic amplitude characteristic as shown 
in FIG. 1 1 . and stores this compensation coefficient into 
the system ROM and RAM section 52. 

Generally, when a relative inclination, e.g., a tilt 
angle 6 rad occurs between the optical disk and the opti- 
cal head 32 during the rotation of the optical disk 10. as 
shown in FIG. 10, the level of the reproduction signal is 
periodically attenuated as indicated by the solid line in 
FIG. 12. The reproduction signal from the pit rows to be 
compensated is multiplied by the compensation coeffi- 
cient which compensates for the level attenuation, 
thereby yielding the idealistic signal waveform as indi- 
cated by the broken line in FIG. 12. More specifically, 
the system CPU section 50 compares the level or ampli- 
tude of the digital MTF reproduction signal of the sec- 
ond test pattern, which has partially been attenuated by 
the tilt, with an idealistic reference signal level with 
respect to each pit row to acquire the difference there- 
between. When the actual signal level for each pit row 
matches with the reference signal level, the compensa- 
tion coefficient is set to "1." When there is a difference 
between those signal levels, the compensation coeffi- 
cient which is to be multiplied with the actual signal level 
to set the latter signal level to the reference level is 
determined. This compensation coefficients are 
obtained for the individual pit rows 4T to 18T, and are 
stored in the system ROM and RAM section 52 as tilt 
compensation coefficients specific to the optical disk 1 0 
loaded in the retrieving apparatus or the frequency 
characteristics of the reproducing system. 

The tilt compensation coefficient may be deter- 
mined by the second test pattern associated with the pit 
row of the fifth group, which is formed in either the lead- 
in area 27 or the lead-out area 26. The tilt compensation 
coefficient may also be determined by the second test 



patterns recorded in both areas 26 and 27. As shown in 
FIG. 4, when a track on an inner area 72 with respect to 
the center, 70, of the data area 25 is searched, an inner- 
track tilt compensation coefficient may be used, while 

s when a track on an outer area 74 with respect to the 
center 70 of the data area 25 is searched, an outer-track 
tilt compensation coefficient may be used. In this case, 
it is apparent that the inner-track tilt compensation coef- 
ficient is determined by the second test pattern associ- 

w ated with the pit row of the fifth group formed in the lead- 
in area 27 and the outer-track tilt compensation coeffi- 
cient is determined by the second test pattern associ- 
ated with the pit row of the fifth group formed in the lead- 
out area 26. As the area to be searched changes toward 

is the outer track from the inner track, the tilt compensa- 
tion coefficient increases. In this respect, a position 
compensation coefficient for the positional compensa- 
tion of the tilt compensation coefficient may be deter- 
mined in accordance with the area to be searched or the 

20 track number and may be stored in the system ROM 
and RAM section 52. so that the compensation coeffi- 
cient according to the searching position may be output 
from the system CPU section 50. 

In the circuit shown in FIG. 10, after the frequency 

25 characteristic of the reproducing system is grasped, 
data retrieval from the data area 25 starts. More specif- 
ically, to optimize the frequency characteristic of the 
reproduction signal from the data area 25 detected by 
the optical head 32, the system CPU section 50 sends 

30 the compensation coefficients as compensation data to 
the transversal filter 104. The transversal filter 104 con- 
verts the received data to analog data by D/A convert- 
ers 111 to 115 and multiplies the analog data by 
individual tap outputs of the transversal filter 104 by 

35 multipliers 1 1 6 to 1 20. When a tilt amount is 5 mrad. for ■ 
example, the reproduction signal of the second test pat- 
tern may have the frequency characteristic as shown in 
FIG. 13A. To compensate this frequency characteristic 
to be the optimal characteristic as shown in FIG. 13C, 

40 the compensation coefficient characteristic as shown in 
FIG. 1 3B should be output, so that the system CPU sec- 
tion 50 which determines the individual tap coefficient 
values of the transversal filter 104 outputs coefficient 
values, for example. 10H,£OH. FFH. 20H and 10H to 

45 the respective D/A converters 111. 112, 113. 114 and 
115. Even if the optical disk 10 tilts and the frequency 
characteristic of the reproduction signal is impaired, the 
reproduction signal can be compensated by the fre- 
quency characteristic of the transversal filter 104, thus 

so ensuring the proper reproduction operation. 

• Referring to FIGS. 13A, 13B and 13C, X indicates 
the wavelength of a light beam or laser beam, and NA 
the number of apertures of the objective lens 32. 

An evaluation pattern associated with another 

55 embodiment of this invention will now be described with 
reference to FIGS. 14A, 14B and 15. As another exam- 
ple of the test pattern for evaluating pit rows formed on 
the optical disk 10, pits and lands with the repetition 
cycles of 3T, mT and nT as shown in ^K3. 14A are 
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recorded as evaluation data in the lead-in area 27 
shown in FIG. 4, which is to be retrieved first at the time 
of playing the optical disk 10. That is. a pit with the pit 
length 3T. a land with the land length *mT, a pit with the 
pit length nT, a land with the land length *3T, a pit with 5 
the pit length mT. and a land with the land length *nT are 
recorded as repeated evaluation data 68 in one physical 
sector in the lead-in area 27 following a header 66 
where the physical sector address is described as 
shown in FIG. 15. One physical sector including this w 
evaluation data may be provided at least one location or 
at several locations on a given track. Alternatively, a plu- 
rality of physical sectors including the evaluation data 
may be provided on different tracks. In this example, m 
and n a 6, m s n, and m and n s 14 (= k) . The pit or 75 
land length 3T or *3T is equivalent to the shortest pit 
length or the shortest land length, and the pit or land 
length 14T or *14T (kT, *kT) is equivalent to the longest 
pit length or the longest land length. When the evalua- 
tion data shown in FIG. 14A is retrieved with a light so 
beam, the level of the reflected light beam as shown in 
FIG. 14B is detected. 

One specific example of the evaluation data has m 
= 6 and n s 7, and a pit with the pit length 3T, a land with 
the land length *6T, a pit with the pit length 7T, a land 25 
with the land length *3T. a pit with the pit length 6T. and 
a land with the land length *7T are repeatedly recorded 
as evaluation data. This set of 3-6-7 pit lengths and land 
lengths is equivalent to D01 000001 0000001 " as a code 
word in a hexadecimal notation. This 1 6-bit code word is 30 
equivalent to an 8-bit data symbol 172H. This 16-bit 
code word is converted to the 8-bit data symbol 1 72H by 
8/16 conversion. 

The evaluation data shown in FIG. 14A is detected 
by an error rate compensation circuit shown in FIG. 16 35 
whose circuit structure is substantially similar to the one 
shown in FIG. 10, and an error rate compensation coef- 
ficient is determined there to minimize the byte error 
rate. When the optical disk retrieving apparatus starts 
the reproduction operation as indicated by step S50 40 
shown in FIG. 17, the lead-in area 27 on the optical disk 
10 is searched as indicated in step S51, and a sector 
containing the evaluation data or test signal shown in 
FIG. 15 is retrieved as indicated in step S52. When the 
sector containing the test pattern is found, the system 45 
CPU section 50 sets the default tap coefficients in the 
multipliers 116 to 120 of the transversal filter 104 as an 
equalizer as described in step S53. reads the test pat- 
tern having the 3-6-7 pattern shown in FIG. 14A from 
the found sector and sends the test pattern to the head so 
amplifier 40. This test pattern signal is amplified by the 
head amplifier 40, and is supplied to the binarization cir- 
cuit 105 via the 5-tap transversal filter 104 which com- 
prises the delay circuits 121 to 124. The binarization 
circuit 105 cfigitizes the reproduction signal after which ss 
the digital reproduction signal is subjected to clock 
reproduction in the PLL circuit 106. When there is no 
error, the demodulator 107 outputs 
"00 1000001 000000 1" as a code word in a hexadecimal 



notation. If there is a reading enor, the demodulator 107 
outputs another code word containing an error. This 
code word is supplied to the system processor 54 to be 
converted to a data symbol which is in turn sent to the 
system CPU section 50. The system CPU section 50 
determines if the code word coincides with the data 
symbol 172H. Likewise, the 3-6-7 patters are sequen- 
tially converted to code words to measure the byte error 
rate as described in step S54, and the system CPU sec- 
tion 50 checks if there is an error to compute the byte 
error rate for a predetermined number of 3-6-7 patterns. 
When the byte error rate is greater than 10' 15 , the sys- 
tem CPU section 50 returns to step S53 to set other tap 
coefficients in the multipliers 1 16 to 120 of the transver- 
sal filter 1 04 as the equalizer and re-executes steps S54 
and S55. When the byte error rate falls within 10" 5 , the 
tap coefficients are fixed and the normal reproduction 
operation starts as indicated in step S56. 

In the above described example of the other 
embodiment, the evaluation data has m = 6 and n <= 7 
and 3-6-7 pit and land length set. However, the evalua- 
tion data may have m = 7 and n = 6 and may have one 
of 3-7-6, 6-3-7, 7-3-6, 6-7-3 and 7-6-3 pit and land 
length sets. In the 3-7-6 pit and land length set, the eval- 
uation data has a pit with the pit length 3T, a land with 
the land length *7T a pit with the pit length 6T. a land 
with the land length *3T. a pit with the pit length 7T and 
a land with the land length *6T as described in a same 
manner of 3-6-7 set. In the 6-3-7 pit and land length set, 
the evaluation data has a pit with the pH length 6T a land 
with the land length *3T. a pit with the pit length 7T, a 
land with the land length *6T a pit with pit length 3T, and 
a land with the land length *7T. In the other set, the eval- 
uation data has a similar arrangement in an order of 
numerical arrangement 

Referring to FIGS. 18 through 24, a description will 
now be given of a method of recording evaluation data 
together with picture data and management data for 
reproducing the picture data on the optical disk, and a 
recording system to which this recording method is 
adapted. 

FIG. 18 illustrates an encoder system which gener- 
ates a picture file 88 of a title set 84 which has picture 
data encoded. The system shown in FIG. 20 employs, 
for example, a video tape recorder (VTR) 201, an audio 
tape recorder (ATR) 202 and a sub-picture reproducing 
unit 203 as the sources of main picture data, audio data 
and sub-picture data. Those components respectively 
generate main picture data, audio data and sub-picture 
data under the control of a system controller -(Sys con) 
205. Those data are supplied to a video encoder 
(VENC) 206, an audio encoder (AENC) 207 and a sub- 
picture encoder (SPENC) 208 which convert the 
received data and encode the data in the respective 
compression systems also under the control of the sys- 
tem controller 205. The encoded main picture data, 
audio data and sub-picture data (Comp Video, Comp 
Audio and Comp Sub-pict) are stored in memories 210, 
211 and 212, respectively. At the time of the encoding, 
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the data are compressed by the compression systems 
which are specified by, for example, MPEG2 (Moving 
Picture Expert Group 2), and packed video and audio 
data and sub-picture pack data are equivalent to the 
encoded data. 

The main picture data, audio data and sub-picture 
data are sent by the system controller 205 to a file for- 
matter (FFMT) 214 to be converted to have the file 
structure of picture data which will be used by the sys- 
tem, and management information such as the set con- 
ditions and attributes of the individual pieces of data are 
stored as a file into a memory 216 by the system con- 
troller 205. 

The following will describe the standard flow for the 
encoding process by the system controller 205 to pre- 
pare a file from picture data. 

In accordance with the flow illustrated in FIG. 19, 
main picture data and audio data are encoded to pre- 
pare encoded main picture data and audio data (Comp 
Video and Comp Audio). When the encoding process 
starts, parameters necessary for encoding the main pic- 
ture data and audio data are set as described in step 
S70 in FIG. 19. Some of the set parameters are saved 
in the system controller 205 and are used by the file for- 
matter 214. The main picture data is pre-encoded using 
the associated parameters to compute the distribution 
of the optimal code amount as shown in step S71. 
Based on the code amount distribution established by 
the pre-encoding, the main picture data is encoded as 
indicated in step S72. At this time, audio data is also 
encoded. If necessary, as indicated in step S73, the 
main picture data is partially encoded again and the 
portion corresponding to the re-encoded portion is 
replaced with the re-encoded portion of the main picture 
data. The above sequence of steps causes the main 
picture data and audio data to be encoded. Further, 
sub-picture data is encoded to prepare encoded sub- 
picture data (Comp Sub-pict) as described in steps S74 
and S75. Likewise, parameters necessary for encoding 
the sub-picture data are set. As indicated in step S74, 
some of the set parameters are saved in the system 
controller 205 and are used by the file formatter 214. 
Based on the parameters, the sub-picture data is 
encoded. The sub-picture data is encoded in the above- 
described manner. 

In accordance with the flow illustrated in FIG. 20, 
the encoded main picture data, audio data and sub-pic- 
ture data (Comp Video, Comp Audio, Comp Sub-pict) 
are combined to be converted to have a specific data 
structure. More specifically, a data cell as the minimum 
unit of picture data having a plurality of video, audio and 
sub-picture packs is set and reproduction information 
for reproducing each data cell is prepared as indicated 
in step S76. Next, the structure of a cell which consti- 
tutes a program chain linking a plurality of programs 
allocated in the cell reproducing order, the main picture, 
sub-picture and audio attributes, etc. are set (informa- 
tion acquired at the time of encoding the individual data 
are used for some of the attrfcute information), and cell 



reproduction management information for managing the 
cell reproduction is prepared from the cell information. 
Each of the encoded main picture data, audio data and 
sub-picture data is segmented to packs of given sizes, 

5 individual data units are arranged while arranging a 
navigation pack for controlling the reproduction of the 
associated pack at the head of each predetermined 
data unit in such a way as to be reproducible in the order 
of the time codes of the individual data. A cell is struc- 

70 tured of those data units. Thereafter, video objects each 
comprising a plurality of cells are constructed, and are 
formatted to the structure of a title set for reproducing 
the video of a given title corresponding to a set of the 
video objects. 

is FIGS. 21 and 22 illustrates the systems of a disk 
formatter which records the title set, formatted in the 
above-described manner, on an optical disk As shown 
in FIGS. 21 and 22, in the disk formatter systems, those 
file data are supplied to a volume formatter (VFMT) 226 

20 from memories 220 and 222 where the prepared title 
sets are stored. The volume formatter 226 acquires 
management information from the manages title sets 84 
and 86, prepares a video manager which manages the 
title sets, and prepares logic data in a state to be 

25 recorded on the disk in a predetermined arrangement 
order. A disk formatter (DFMT) 228 affixes error correc- 
tion data to the logic data which has been prepared by 
the volume formatter 226. and the resultant data is 
reconverted to physical data to be recorded on the disk 

30 10. A modulator 230 converts the physical data, pre- 
pared by the disk formatter 228, to record data which is 
to be actually recorded on the disk. This modulated 
record data is recorded on the disk 10 by a recorder 
232. 

35 With regard to the test pattern which has been 
described referring to FIGS. 5A to 9C, the recorder 232 
in the formatter system shown in FIG. 21 is connected 
to a test pattern signal generator 234 via a switch 236. 
This test pattern signal generator 234 generates a test 

40 pattern signal associated with the first and second test 
patterns associated with the pit rows of the first to fifth 
groups which have been described earlier. In accord- 
ance with the generated test pattern signal, the test pat- 
terns of the first to fifth groups are recorded in and near 

45 the lead-in area 27. After the recording of the test pat- 
terns, the switch 236 is changed over to connect the 
recorder 232 to the modulator 230, allowing physical 
data to be recorded in the data area 28. When the 
recording of the physical data is completed, the switch 

so 236 is switched again to connect the recorder 232 to the 
test pattern signal generator 234, so that the pit rows of 
the first to fifth groups are recorded again on the optical 
disk 10. 

With regard to the 3-6-7 pattern which has been 
55 described referring to FIGS. 14A and 15. a memory-221 
where evaluation data containing the consecutive 3-6-7 
pattern is stored together with the sector address 
shown in FIG. 15 is prepared in advance as shown in 
FIG. 22, this evaluation data is supplied first to the vol- 
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ume formatter 226 after which file data are supplied to 
the volume formatter 226 from the file data memories 
220 and 222. Therefore, the evaluation data having the 
consecutive 3-6-7 pattern is recorded together with the 
sector address at a predetermined sector address, and 
record data such as video data is recorded as physical 
data in the data area 28. 

The standard flow for preparing the above- 
described disk will now be described with reference to 
FIGS. 23 and 24. FIG. 23 illustrates the flow for prepar- 
ing logic data to be recorded on the disk 10. As indi- 
cated in step S80, parameter data such as the number 
of picture data files, the sort order and the size of each 
picture data file is set first. Then, a video manager 71 is 
prepared from the set parameters and video title set 
information from each video title set 72 as described in 
step S81. Then, data are arranged according to the 
associated logic block numbers in the order of the video 
manager 71 and then the video title set 72, thus yielding 
logic data to be recorded on the disk 10, as shown in 
step S82. As has already been explained, the 3-6-7 pat- 
tern is equivalent to logic data of 1 72H so that logic data 
1 72H are converted to physical data consecutively. 

After the conversion, the flow as shown in FIG. 24 
for preparing physical data to be recorded on the disk is 
executed. As indicated in step S83, logic data is seg- 
mented to a given number of bytes to produce error cor- 
rection data. In the next step S84, the logic data 
segmented to the given number of bytes and the pro- 
duced error correction data are combined to prepare 
physical sectors. Then, the physical sectors are linked 
to prepare physical data as described in step S85. It is 
apparent from the above that a modulation process 
based on given rules is executed on the physical data 
which has been prepared by the flow illustrated in FIG. 
25 to thereby prepare record data. Then, the record 
data is recorded on the disk 10. This disk 10 becomes a 
master disk from which multiple optical disks can be 
copied. 

In the above-described embodiment, the pit rows in 
the first to fifth groups should not necessarily be 
recorded in the lead-in area 27 and the lead-out area 26 
in the named order, but may be recorded in any order as 
long as they can be distinguished physically. If the eval- 
uation of the manufactured optical disk 10, which will be 
discussed shortly, is not carried out the pit rows from 
the first to fourth groups may not be recorded on the 
optical disk 10. If only the evaluation of the optical disk 
is to be performed, requiring no tilt compensation, the 
pit row of the fifth group need not be formed. 

A description will now be given of how to evaluate 
the optical disk which has been manufactured by the 
above-described method. First, the optical disk 10. 
which has been manufactured in the above-describe 
manner is loaded in the retrieving apparatus, and the 
reproduction signals of the first to fourth groups of the 
first test pattern are acquired. The properness of the 
thus manufactured optical disk 10 is evaluated from 
those signal waveforms as follows. The properness of 



the formation of the individual pits is evaluated from the 
signal waveform equivalent to the longest pit (nT + *nT). 
As long as the pits are formed accurately, the signal 
waveform equivalent to the longest pit (nT + *nT) has a 

5 relatively large pulse width, a level change between the 
rising and falling is small and the rising and falling 
become clear as shown in FIG. 5B. When this signal 
waveform is cut or unclear, therefore, the formation of 
the pits is considered inadequate and the manufactured 

10 optical disk 10 is considered as defective. Whether or 
not pits are formed to be clearly distinguished from the 
non-pit areas between the pits is evaluated from the sig- 
nal waveform equivalent to the shortest pit (mT + *mT). 
A noise level (N) and a carrier level (C) equivalent to the 

75 peak level of the reproduction signal are acquired from 
the reproduction signal shown in FIG. 6B, as shown in 
FIG. 25, and the properness of the formation of the pit 
rows is determined by the C/N ratio. When this C/N ratio 
is small, the carrier corresponding to a pit cannot be dis- 

20 tinguished from noise corresponding to a defect or the 
like on the optical disk 10. When this C/N ratio is small, 
therefore, it is considered that the manufactured optical 
disk 10 is defective. As the pit row of the third group is 
converted to a reproduction signal using a light beam. 

25 an MTF signal as shown in FIG. 7 is acquired and the 
frequency characteristic of the reproducing system for 
the pit row of the third group as shown in FIG/ 26 is 
obtained from the MTF signal as has been explained 
earlier. This frequency characteristic is deteriorated 

30 when the optical disk 1 0 is deformed, is eccentric or the 
like. By determining this frequency characteristic, there- 
fore, the properness of the physical characteristic of the 
optical disk 10 can be determined. 

Further, because the pit row of the fourth group 

35 includes the pit length row (mT + *mT) equivalent to the 
center track and the pit length rows [(m+1 )T + *(m+1 )T)] 
and [(m+2)T + *(m+2)T)] equivalent to the adjoining 
tracks, as shown in FIG. 8, the crosstalk from the adja- 
cent tracks which is included in the reproduction signal 

40 can be evaluated. The amount of crosstalk 
Ct (= At - Br (dB)) is equivalent to the amplitude At of 
the reproducing track (corresponding to the center 
track) minus the amplitude Br of the adjoining track. In 
other words, at the time the pit length row (mT + *mT) 

45 equivalent to the center track is reproduced, the fre- 
quencies fr1 and fr2 of the pit length rows [(m+1)T + 
*(m+1)T)] and [(m+2)T + *(m+2)T)] equivalent to the 
adjoining tracks appear, and the difference between the 
main signal level of the bit length row (mT + *mT) having 

so a frequency fc and the signal levels of the pit length 
rows [<m+1)T + *(m+1)T)] and [(m+2)T + *(m+2)T)] 
equivalent to the adjoining tracks which have those fre- 
quencies fr1 and fr2 can be detected as the crosstalk 
amount. When this crosstalk amount is large, it is possi- 

55 ble to sufficiently discriminate the retrieving track from 
the adjoining tracks. When this crosstalk amount is 
small, however, it is not possible to discriminate the 
retrieving track from the adjacent tracks. When the 
crosstalk amount is equal to or smaller than a predeter- 
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mined value, the optical disk 10 is determined as defec- 
tive. 

In evaluating the optical disk 10 using the 3-6-7 
evaluation pattern, this optical disk 10 is determined as 
defective rf the byte error rate does not fall within 10 s 
even when the tap coefficients of the transversal filter 
1 04 are change in step S55 in the flowchart illustrated in 
FIG. 17. 

In short, even if a relative tilt occurs between the 
disk's reproducing surface and the surface of the object 
lens, the frequency characteristic of the reproduction 
equalizer (transversal f flter) can be optimized to improve 
the characteristic of the reproduction signal by optimiz- 
ing the individual tap coefficients of the reproduction 
equalizer in accordance with the tilt amount It is thus 
possible to eventually improve the error rate at the time 
of reading data. Moreover, as no mechanical compo- 
nents such as the motor and gear are not intervened in 
the control system, it is easy to widen the band and 
ensure a wide control band, so that this invention is suit- 
able for making the optical disk retrieving apparatus 
compact 

Claims 

1 . An optical disk characterized by comprising : 

a data area (28) on which data is recorded in a 
pattern of pits and non-pits, said pits having 
one of a shortest pit length (mT), a longest pit 
length (nT) and a predetermined pit length 
between said shortest pit length (mT) and said 
longest pit length (nT) where T is a channel pit 
length and n and m are integers, said non-pits 
having one of a shortest non-pit length (*mT). a 
longest non-pit length (*nT) and a predeter- 
mined non-pit length between said shortest 
non-pit length (*mT) and said longest non-pit 
length (*nT); and 

a test pattern area (26. 27, 28) provided out- 
side said data area (28) and recorded with a 
test pattern including a shortest pit row having 
repeated combinations of shortest pits and 
shortest non-pits, a longest pit row having 
repeated combinations of longest pits and 
longest non-pits, and a predetermined pit row 
having repeated combinations of pits having a 
predetermined pit length between said shortest 
pit length (mT) and said longest pit length (nT) 
and non-pits corresponding to said pits. 

2. The optical disk according to claim 1 , characterized 
in that said data area (28) is defined between a 
lead-in area (27) in an inner track area and a lead- 
out area (26) in an outer track area, and said test 
pattern area (26. 27. 28) is provided in at least one 
of an inner peripheral area located outside and 
adjacent to said lead-in area (27) and an outer 



peripheral area located outside and adjacent to 
said lead-out area (26). 

3. The optical disk according to claim 1 . characterized 
5 in that said data area (28) is defined between a 

lead-in area (27) in an inner track area and a lead- 
out area (26) in an outer track area, and said test 
pattern area (26, 27, 28) is provided both in an 
inner peripheral area located outside and adjacent 
10 to said lead-in area (27) and an outer peripheral 
area located outside and adjacent to said lead-out 
area (26). 

4. The optical disk according to claim 1 . characterized 
is in that pits have one of a shortest pit length (3T), a 

longest pit length (11T) and a predetermined pit 
length (4T, 5T. 6T, 7T, 8T. 9T, 10T) between said 
shortest pit length (3T) and said longest pit length 
(11T), and non-pits have one of a shortest non-pit 
20 length (*3T), a longest non-pit length (*1 1T) and a 
predetermined non-pit length (*4T. *5T, *6X *7T, 
*8T, *9T, MOT) between said shortest non-pit length 
(*3T) and said longest non-pit length (*11T). 

25 5. The optical disk according to claim 1 , characterized 
in that pits have one of a shortest pit length (4T), a 
longest pit length (18T) and a predetermined pit 
length (5T, 6T. 7T, 8T, 9T. 10T, 11T. 12T, 13T, 14T. 
1 5T, 1 6T. 1 7T) between said shortest pit length (AT) 

30 ' and said longest pit length (18T), and non-pits have 
one of a shortest non-pit length (*4T), a longest 
non-pit length (*18T) and a predetermined non-pit 
length (*5T, *6T, *7T, *8T. *9T. *10T. *11T, *12T, 
*13X *14T, *15T, *16T, *17T) between said shortest 

35 non-pit length (*4T) and said longest non-pit length 
C18T). 

6. An optical disk retrieving apparatus characterized 
by comprising: 

40 

reading means (30) for optically reading a test 
pattern and data as reproduction signals from 
an optical disk including a data area (28) hav- 
ing pits and non-pits arranged in accordance 

45 with record data, and said test pattern having 

said pits and non-pits arranged based on a pre- 
determined arrangement rule; 
detection means (104, 105, 106, 107, 109) for 
detecting a compensation coefficient specific to 

so said apparatus, from a reproduction signal read 

from said test pattern; and 
compensation means <50, 52, 104, 109) for 
compensating a reproduction signal read from 
said data area (28) with said compensation 

55 coefficient 

7. The optical disk retrieving apparatus according to 
claim 6, characterized in that said detection means 
(104, 105, 106, 107, 109) includes a circuit (105, 
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106. 107, 109) for detecting an MTF (Modulation 
Transfer Function) signal from a reproduction signal 
from said test pattern, and said compensation 
means (50. 52. 104. 109) includes an equalizing fil- 
ter (104) for optimizing said reproduction signal and 
fitter means for optimizing a frequency characteris- 
tic of said data reproduction signal in accordance 
with a frequency characteristic of said MTF signal. 

8. The optical disk retrieving apparatus according to 
claim 6, characterized in that said optical disk com- 
prises: 

a data area (28) on which data is recorded in a 
pattern of pits and non-pits, said pits having 
one of a shortest pit length (mT). a longest pit 
length (nT) and a predetermined pit length 
between said shortest pit length (mT) and said 
longest pit length (nT) where T is a channel pit 
length and n and m are integers, said non-pits 
having one of a shortest non-pit length (*mT), a 
longest non-pit length (*nT) and a predeter- 
mined non-pit length between said shortest 
non-pit length (*mT) and said longest non-pit 
length (*nT); and 

a test pattern area (26. 27. 28) provided out- 
side said data area (28) and recorded with a 
test pattern including a shortest pit row having 
repeated combinations of shortest pits and 
shortest non-pits, a longest pit row having 
repeated combinations of longest pits and 
longest non-pits, and a predetermined pit row 
having repeated combinations of pits having a 
predetermined pit length between said shortest 
pit length (mT) and said longest pit length (nT) 
and non-pits corresponding to said pits. 

9. The optical disk retrieving apparatus according to 
claim 8, characterized in that said data area (28) is 
defined between a lead-in area (27) in an inner 
track area and a lead-out area (26) in an outer track 
area, and said test pattern area (26, 27, 28) is pro- 
vided in at least one of an inner peripheral area 
located outside and adjacent to said lead-in area 

(27) and an outer peripheral area located outside 
and adjacent to said lead-out area (26). 

10. The optical disk retrieving apparatus according to 
claim 9, characterized in that said read means 
reads a test pattern from at least one of said inner 
peripheral area located outside and adjacent to 
said lead-in area (27) and said outer peripheral 
area located outside and adjacent to said lead-out 
area (26), and then reads data from said data area 

(28) . 

11. The optical disk retrieving apparatus according to 
claim 8, characterized in that said data area (28) is 
defined between a lead-in area (27) in an inner 



track area and a lead-out area (26) in an outer track 
area, and said test pattern area (26, 27, 28) is pro- 
vided both in an inner peripheral area located out- 
side and adjacent to said lead-in area (27) and an 
5 outer peripheral area located outside and adjacent 

to said lead-out area (26). 

12. The optical disk retrieving apparatus according to 
claim 11, characterized in that said read means 

w reads a test pattern from both of said inner periph- 
eral area located outside and adjacent to said lead- 
in area (27) and said outer peripheral area located 
outside and adjacent to said- lead-out area (26); 
said detection means (104, 105, 106, 107. 109) 

75 detects a first compensation coefficient specific to 
said apparatus from a reproduction signal read 
from said test pattern in said inner peripheral area 
outside said lead-in area (27) and detects a second 
compensation coefficient specific to said apparatus 

20 from a reproduction signal read from said test pat- 
tern in said outer peripheral area outside said lead- 
out area (26); and said compensation means (50. 
52, 104, 109) compensates a reproduction signal 
read from said data area (28) with said first and 

25 second compensation coefficients. 

13. The optical disk retrieving apparatus according to 
claim 1 1 , characterized in that said compensation 
means (50, 52, 104. 1 09) compensates a reproduc- 

30 tion signal read from a first area in said data area 
(28) with said first compensation coefficient and 
compensates a reproduction signal read from an 
other area in said data area (28). excluding said 
first area, with said second compensation coeffi- 

35 cient. 

14. An optical disk playing method characterized by 
comprising the steps of: 

40 optically reading a test pattern and data as 

reproduction signals from an optical disk (10) 
including a data area (28) having pits and non- 
pits arranged in accordance with record data, 
and said test pattern having said pits and non- 
45 pits arranged based on a predetermined 
arrangement rule; 

detecting a compensation coefficient specific to 
said apparatus, from a reproduction signal read 
from said test pattern; and 
so compensating a reproduction signal read from 

said data area (28) with said compensation 
coefficient 

15. The optical disk playing method according to claim 
55 14, characterized in that said detection step 

includes a step of detecting an MTF signal from a 
reproduction signal from said test pattern, and said 
compensation step includes a filter step of optimiz- 
ing a frequency characteristic of said data repro- 
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duction signal in accordance with a frequency 
characteristic of said MTF signal. 

16. The optical disk playing method according to claim 
14, characterized in that said optical disk com- 5 
prises: 

a data area (28) on which data is recorded in a 
pattern of pits and non-pits, said pits having 
one of a shortest pit length (mT), a longest pit 10 
length (nT) and a predetermined pit length 
between said shortest pit length (mT) and said 
longest pit length (nT) where T is a channel pit 
length and n and m are integers, said non-pits 
having one of a shortest non-pit length (*mT), a 
longest non-pit length (*nT) and a predeter- 
mined non-pit length between said shortest 
non-pit length (*mT) and said longest non-prt 
length (*nT); and 

a test pattern area (26. 27, 28) provided out : 
side said data area (28) and recorded with a 
test pattern including a shortest pit row having 
repeated combinations of shortest pits and 
shortest non-pits, a longest pit row having 
repeated combinations of longest pits and 
longest non-pits, and a predetermined pit row 
having repeated combinations of pits having a 
predetermined pit length between said shortest 
pit length (mT) and said longest pit length (nT) 
and non-pits corresponding to said pits. 

17. The optical disk playing method according to claim 

16. characterized in that said data area (28) is 
defined between a lead-in area (27) in an inner 
track area and a lead-out area (26) in an outer track 
area, and said test pattern area (26, 27. 28) is pro- 
vided in at least one of an inner peripheral area 
located outside and adjacent to said lead-in area 
(27) and an outer peripheral area located outside 
and adjacent to said lead-out area (26). 

18. The optical disk playing method according to claim 

17, characterized in that said read step reads a test 
pattern from at least one of said inner peripheral 
area located outside and adjacent to said lead-in 45 
area (27) and said outer peripheral area located 
outside and adjacent to said lead-out area (26), and 
then reads data from said data area (28). 

19. The optical disk playing method according to claim so 
17, characterized in that said data area (28) is 
defined between a lead-in area (27) in an inner 
track area and a lead-out area (26) in an outer track 
area, and sad test pattern area (26. 27, 28) is pro- 
vided both in an inner peripheral area located out- ss 
side and adjacent to said lead-in area (27) and an 
outer peripheral area located outside and adjacent 

to said lead-out area (26). 
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20. The optical disk playing method according to claim 

19. characterized in that said read step reads a test 
pattern from both of said inner peripheral area 
located outside and adjacent to said lead-in area 
(27) and said outer peripheral area located outside 
and adjacent to said lead-out area (26); said detec- 
tion step detects a first compensation coefficient 
specific to said apparatus from a reproduction sig- 
nal read from said test pattern in said inner periph- 
eral area outside said lead-in area (27) and detects 
a second compensation coefficient specific to said 
apparatus from a reproduction signal read from 
said test pattern in said outer peripheral area out- 
side said lead-out area (26); and said compensa- 
tion step compensates a reproduction signal read 
from said data area (28) with said first and second 
compensation coefficients. 

21. The optical disk playing method according to claim 

20, characterized in that said compensation means 
(50, 52, 104, 109) compensates a reproduction sig- 
nal read from a first area in said data area (28) with 
said first compensation coefficient and compen- 
sates a reproduction signal read from an other area 
in said data area (28), excluding said first area, with 
said second compensation coefficient. 

22. A recording method of recording data on an optical 
disk characterized by comprising: 

a data conversion step of converting data to be 
recorded to pit data equivalent to a pattern of 
pits and non-pits, said pits having one of a 
shortest pit length (mT), a longest pit length 
(nT) and a predetermined pit length between 
said shortest pit length (mT) and said longest 
pit length (nT) where T is a channel pit length 
and n and m are integers, said non-pits having 
one of a shortest non-pit length (*mT), a long- 
est non-pit length (*nT) and a predetermined 
non-pit length between said shortest non-pit 
length (*mT) and said longest non-pit length 
CnT); 

a step of generating a test signal equivalent to 
a test pattern including a shortest pit row hav- 
ing repeated combinations of shortest pits and 
shortest non-pits, a longest pit row having 
repeated combinations of longest pits and 
longest non-pits, and a predetermined pit row 
having repeated combinations of pits having a 
predetermined pit length between said shortest 
pit length (mT) and said longest pit length (nT) 
and non-pits corresponding to said pits; and 
a step of recording said pit data in a data area 
(28) on said optical disk and said test signal in 
a test pattern area (26. 27, 28) different from 
said data area (28) on said optical disk, both in 
a pattern of said pits and non-pits. 
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2a The recording method according to claim 22, char- 
acterized in that said data area (28) is defined 
between a lead-in area (27) in an inner track area 
and a lead-out area (26) in an outer track area, and 
said test pattern area (26, 27, 28) is provided in at 
least one of an inner peripheral area located out- 
side and adjacent to said lead-in area (27) and an 
outer peripheral area located outside and adjacent 
to said lead-out area (26). 

24. The recording method according to claim 22, char- 
acterized in that said data area (28) is defined 
between a lead-in area (27) in an inner track area 
and a lead-out area (26) in an outer track area, and 
said test pattern area (26, 27, 28) is provided both 
in an inner peripheral area located outside and 
adjacent to said lead-in area (27) and an outer 
peripheral area located outside and adjacent to 
said lead-out area (26). 

25. The recording method according to claim 22. char- 
acterized in that pits have one of a shortest pit 
length (3T), a longest pit length (1 1T) and a prede- 
termined pit length (4T, 5T, 6T. 7T. 8T, 9T. 10T) 
between said shortest pit length (3T) and said long- 
est pit length (11T), and non-pits have one of a 
shortest non-pit length (*3T). a longest non-pit 
length (*11T) and a predetermined non-pit length 
(*4T, *5X *6T, *7T, *8T, *9T, *10T) between said 
shortest non-pit length (*3T) and said longest non- 
pit length (*1 1T). 

26. The recording method according to claim 22, char- 
acterized in that pits have one of a shortest pit 
length (4T), a longest pit length (18T) and a prede- 
termined pit length (5T, 6T, 7T, 8T, 9T, 10T, 11T, 
12T, 13T, 14T, 15T, 16T, 1 7T) between said shortest 
pit length (4T) and said longest pit length (1 8T), and 
non-pits have one of a shortest non-pit length (*4T), 
a longest non-pit length p8T) and a predeter- 
mined non-pit length (*5T, *6T, *7T, *8T, *9T, *10T, 
*11T, *12T, *13T, *14T, *15T, *16T, *17T) between 
said shortest non-pit length (*4T) and said longest 
non-pit length (*18T). 

27. A recording apparatus for recording data on an opti- 
cal disk characterized by comprising: 

data conversion means (201-228, 280) for con- 
verting data to be recorded to pit data equiva- 
lent to a pattern of pits and non-pits, said pits 
having one of a shortest pit length (mT), a long- 
est pit length (nT) and a predetermined pit 
length between said shortest pit length (mT) 
and said longest pit length (nT) where T is a 
channel pit length and n and m are integers, 
said non-pits having one of a shortest non-pit 
length (*mT), a longest non-pit length (*nT) and 
a predetermined non-pit length between said 



shortest non-pit length (*mT) and said longest 
non-pit length (*nT); 

test signal generation means (220. 226-234) 
for generating a test signal equivalent to a test 

5 pattern including a shortest pit row having 

repeated combinations of shortest pits and 
shortest non-pits, a longest pit row having 
repeated combinations of longest pits and 
longest non-pits, and a predetermined pit row 

w having repeated combinations of pits having a 

predetermined pit length between said shortest 
pit length (mT) and said longest pit length (nT) 
and non-pits corresponding to said pits; and 
recording means (232) for recording said pit 

is data in a data area (28) on said optical disk and 

said test signal in a test pattern area (26, 27, 
28) different from said data area (28) on said 
optical disk, both in a pattern of said pits and 
non-pits. 

20 

28. The recording apparatus according to claim 27. 
characterized in that said data area (28) is defined 
between a lead-in area (27) in an inner track area 
and a iead-out area (26) in an outer track area, and 

25 said test pattern area (26, 27, 28) is provided in at . 
least one of an inner peripheral area located out- 
side and adjacent to said lead-in area (27) and an 
outer peripheral area located outside and adjacent 
to said lead-out area (26). 

30 

29. The recording apparatus according to claim 27, 
characterized in that said data area (28) is defined 
between a lead-in area (27) in an inner track area 
and a lead-out area (26) in an outer track area, and 

35 said test pattern area (26, 27. 28) is provided both 
in an inner peripheral area located outside and 
adjacent to said lead-in area (27) and an outer 
peripheral area located outside and adjacent to 
said lead-out area (26). 

40 

30. The recording apparatus according to claim 27, 
characterized in that pits have one of a shortest pit 
length (3T). a longest pit length (1 1T) and a prede- 
termined pit length (4T, 5T, 6T, 7T, 8T, 9T, 10T) 

45 between said shortest pit length (3T) and said long- 
est pit length (11T), and non-pits have one of a 
shortest non-pit length (*3T), a longest non-pit 
length (*11T) and a predetermined non-pit length 
(*4T, *5T, *6T, # 7T, *8T, *9T, *10T) between said 

so shortest non-pit length (*3T) and said longest non- 
pit length (*11T). 

31. The recording apparatus according to claim 27, 
.characterized in that pits have one of a shortest pit 

55 length (4T). a longest pit length (18T) and a prede- 
termined pit length (5T, 6T, 7T, 8T, 9T, 10T. 11T. 
12T, 13T, 14T, 15T, 16T, 17T) between said shortest 
pit length (4T) and said longest pit length (18T), and 
non-pits have one of a shortest non-pit length (*4T), 
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a longest non-pit length (M8T) and a predeter- 
mined non-pit length (*5X *6T. *7T. *8T. *9T, MOT, 
*11T. *12T, *13T, M4T. *15T. M6T, *17T) between 
said shortest non-pit length (*4T) and said longest 
non-pit length (*187). s 

32. An optical disk characterized by comprising: 

a data area (28) on which data is recorded in a 
pattern of pits and non-pits, said pits having io 
one of a shortest pit length (mT), a longest pit 
length (nT) and a predetermined pit length 
between sad shortest pit length (mT) and said 
longest pit length (nT) where T is a channel pit 
length and n and m are integers, said non-pits is 
having one of a shortest non-pit length (*mT), a 
longest non-pit length (*nT) and a predeter- 
mined non-pit length between said shortest 
non-pit length (*mT) and said longest non-pit 
length fnT); and so 
a test pattern area (26, 27. 28) provided out- 
side said data area (28) and formed with a test 
pattern for determining a recording state of 
said optical disk recorded with a test pattern 
associated with a combination of shortest pits 25 
having said shortest pit length (mT). shortest 
non-pits having said shortest non-pit length 
(*mT). pits being selected from among pits hav- 
ing a predetermined pit length between said 
shortest pit length (mT) and said longest pit 30 
length (nT), and non-pits corresponding to said 
selected pits. 

33. The optical disk according to claim 32. character- 
ized^ that said test pattern has a pit row (nT + *nT) 35 
having pits with said longest pit length (nT) and 
non-pits with said longest non-pit length (*nT) 
repeated. 

34. The optical disk according to daim 32. character- 40 
ized in that said test pattern has a pit row (mT + 
*mT) having pits with said shortest pit length (mT) 
and non-pits with said shortest non-pit length (*mT) 
repeated. 

45 

35. The optical disk according to claim 32, character- 
ized in that said test pattern has a pit row (nT + *nT) 
having pits with said longest pit length (nT) and 
non-pits with said longest non-pit length (*nT) 
repeated, a pit row (mT + *mT) having pits with said so 
shortest pit length (mT) and non-pits with said 
shortest non-pit length (*mT) repeated, and a pit 
row [(m+1)T + *(m+1)U ((m+2)T + *(m+2)T], 
[(m+4)T + *(m+4)Tl and [(rr*8)T + *(m+8)7] equiv- 
alent to a pit row between a shortest pit length row 55 
(mT + *mT) and a predetermined pit length row and 
having pits having pit lengths (m+1)T, (m+2)T, 
(m+4)T and (rm8)T and non-pits having non-pit 
lengths *(m+1)T. *(m+2)T, *(m+4)T and *(m+8)T 



repeated, said latter pits lengths and non-pit 
lengths having no multiplication relation with one 
another between said shortest pit length row (mT + 
' *mT) and said predetermined pit length row. 

36. The optical disk according to claim 32, character- 
ized in that said shortest pit length row (mT + *mT) 
is repeated over one track on said optical disk as a 
test pattern, and a pit length row [(m+1)T + 
*(m+1)T] and a pit length row [(m+2)T + *(m+2)T] 
are repeated over one track on said optical disk as 
a track adjacent to said shortest pit length row (mT 
+ *mT) equivalent to a center track. 

37. The optical disk according to claim 32. character- 
ized in that said data area (28) is defined between a 
lead-in area (27) in an inner track area and a lead- 
out area (26) in an outer track area, and said test 
pattern area (26, 27, 28) is provided in at least one 
of an inner peripheral area located outside and 
adjacent to said lead-in area (27) and an outer 
peripheral area located outside and adjacent to 
said lead-out area (26). 

38. The optical disk according to claim 32. character- 
ized in that said data area (28) is defined between a 
lead-in area (27) in an inner track area and a lead- 
out area (26) in an outer track area, and said test 
pattern area (26, 27, 28) is provided both in said 
lead-in area (27) and said lead-out area (26). 

39. The optical disk according to claim 32, character- 
ized in that pits have one of a shortest pit length 
(3T), a. longest pit length (11T) and a predeter- 
mined pit length (4T, 5T, 6T, 7T, 8T, 9T, 10T) 
between said shortest pit length (3T) and said long- 
est pit length (11T), and non- pits have one of a 
shortest non-pit length (*3T), a longest non-pit 
length (MIT) and a predetermined non-pit length 
(*4T, *5T, *6T, *7T, *8T, *9T, MOT) between said 
shortest non-pit length (*3T) and said longest non- 
pit length (M1T). 

40. The optical disk according to claim 32, character- 
ized in that pits have one of a shortest pit length 
(4T), a longest pit length (18T) and a predeter- 
mined pit length (5T, 6T, 7T, 8T, 9T, 10T, 11T, 12T. 
13T, 14T, 15T, 16T, 17T) between said shortest pit 
length (4T) and said longest pit length (18T), and 
non-pits have one of a shortest non-pit length (*4T), 
a longest non-pit length (M8T) and a predeter- 
mined non-pit length (*5T. *6T, *7T, *8T, *9T. MOT, 
M1T, M2T, M3T, M4T, M5T. M6T, M7T) between 
said shortest non-pit length (*4T) and said longest 
non-pit length (*18T). 

41. An optical disk evaluating apparatus characterized 
by comprising: 
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reading means (30) for optically reading a test 
pattern and data as reproduction signals from 
an optical disk including a data area (28) hav- 
ing pits and non-pits arranged in accordance 
with record data, and said test pattern having 
said pits and non-pits arranged based on a pre* 
determined arrangement rule; and 
detection means (104, 105. 106, 107, 109) for 
detecting evaluation data specific to an optical 
disk, from a reproduction signal read from said 
test pattern. 

42. The optical disk evaluating apparatus according to 
claim 41, characterized in that said optical disk 
comprises: 

a data area (28) on which data is recorded in a 
pattern of pits and non-pits, said pits having 
one of a shortest pit length (mT), a longest pit 
length (nT) and a predetermined pit length 
between said shortest pit length (mT) and said 
longest pit length (nT) where T is a channel pit 
length and n and m are integers, said non-pits 
having one of a shortest non-pit length (*mT), a 
longest non-pit length (*nT) and a predeter- 
mined non-pit length between said shortest 
non-pit length (*mT) and said longest non-pit 
length (*nT); and 

a test pattern area (26, 27, 28) provided out- 
side said data area (28) and formed with a test 
pattern for determining a recording state of 
said optical disk recorded with a test pattern 
associated with a combination of shortest pits 
having said shortest pit length (mT), shortest 
non-pits having said shortest non-pit length 
(*mT), pits being selected from among pits hav- 
ing a predetermined pit length between said 
shortest pit length (mT) and said longest pit 
length (nT), and non-pits corresponding to said 
selected pits. 

43. The optical disk evaluating apparatus according to 
claim 41, characterized in that said test pattern has 
a pit row (nT + *nT) having pits with said longest pit 
length (nT) and non-pits with said longest non-pit 
length (*nT) repeated. 

44. The optical disk evaluating apparatus according to 
claim 41 , characterized in that said test pattern has 
a pit row (mT + *mT) having pits with said shortest 
pit length (mT) and non-pits with said shortest non- 
pit length (*mT) repeated. 

45. The optical disk evaluating apparatus according to 
claim 41. characterized in that said test pattern has 
a pit row (nT + *nT) having pits with said longest pit 
length (nT) and non-pits with said longest non-pit 
length (*nT) repeated, a pit row (mT + *mT) having 
pits with said shortest pit length (mT) and non-pits 



with said shortest non-pit length (*mT) repeated, 
and a pit row [(m+1)T + *(m+1)Tl. ((m+2)T + 
*(m+2)T|, [(m+4)T + *(m+4)T] and [(m+8)T + 
*(m+8)Tj equivalent to a pit row between a shortest 
5 pit length row (mT + *mT) and a predetermined pit 

length row and having pits having pit lengths 
(m+1)T. (m+2)T. (m+4)T and (m+8)T and non-pits 
having non-pit lengths *(m+1)T, *(m+2)T, *(m+4)T 
and *(m+8)T repeated, said latter pits lengths and 
w non-pit lengths having no multiplication relation with 
one another between said shortest pit length row 
(mT + *mT) and said predetermined pit length row. 

46. The optical disk evaluating apparatus according to 
is claim 41, characterized in that said shortest pit 

length row (mT + *mT) is repeated over one track 
on said optical disk as a test pattern, and a pit 
length row [(m+1)T + *(rrH-1)TJ and a pit length row 
|(m+2)T + *(m+2)T) are repeated over one track on 
20 said optical disk as a track adjacent to said shortest 
pit length row (mT + *mT) equivalent to a center 
track. 

47. The optical disk evaluating apparatus according to 
25 claim 41 , characterized in that said data area (28) is 

defined between a lead-in area (27) in an inner 
track area and a lead-out area (26) in an outer track 
area, and said test pattern area (26. 27. 28) is pro- 
vided in at least one of an inner peripheral area 
30 located outside and adjacent to said lead-in area 
(27) and an outer peripheral area located outside 
and adjacent to said lead-out area (26). 

48. The optical disk evaluating apparatus according to 
35 claim 41 , characterized in that said data area (28) is 

defined between a lead-in area (27) in an inner 
track area and a lead-out area (26) in an outer track 
area, and said test pattern area (26, 27, 28) is pro- 
vided both in an inner peripheral area located out- 
40 side and adjacent to said lead-in area (27) and an 
outer peripheral area located outside and adjacent 
to said lead-out area (26). 

49. An optical disk evaluating method characterized by 
45 comprising: 

a reading step of optically reading a test pat- 
tern and data as reproduction signals from an 
optical disk including a data area (28) having 

so pits and non-pits arranged in accordance with 

record data and said test pattern having said 
pits and non-pits arranged based on a prede- 
termined arrangement rule; 
a detection step of detecting evaluation data 

55 specific to an optical disk, from a reproduction 

signal read from said test pattern; and 
a step of determining from said evaluation data 
if said optical disk is defective. 
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50. The optical disk evaluating method according to 
claim 49. characterized in that said optical disk 
comprises: 

a data area (28) on which data is recorded in a s 
pattern of pits and non-pits, said pits having 
one of a shortest pit length (mT), a longest pit 
length (nT) and a predetermined pit length 
between said shortest pit length (mT) and said 
longest pit length (nT) where T is a channel pit io 
length and n and m are integers, said non-pits 
having one of a shortest non-pit length (*mT). a 
longest non-pit length (*nT) and a predeter- 
mined non-pit length between said shortest 
non-pit length (*mT) and said longest non-pit 75 
length (*nT); and 

a test pattern area (26, 27, 28) provided out- 
side said data area (28) and formed with a test 
pattern for determining a recording state of 
said optical disk recorded with a test pattern 20 
associated with a combination of shortest pits 
having said shortest pit length (mT), shortest 
non-pits having said shortest non-pit length 
(*mT), pits being selected from among pits hav- 
ing a predetermined pit length between said 25 
shortest pit length (mT) and said longest pit 
length (nT), and non-pits corresponding to said 
selected pits. 

51. The optical disk evaluating method according to 30 
claim 49, characterized in that said test pattern has 

a pit row (nT + *nT) having pits with said longest pit 
length (nT) and non-pits with said longest non-pit 
length (*nT) repeated. 

s 35 

52. The optical disk evaluating method according to 
claim 49, characterized in that said test pattern has 
a pit row (mT + *mT) having pits with said shortest 
pit length (mT) and non-pits with said shortest non- 
pit length (*mT) repeated. 40 

53. The optical disk evaluating method according to 
claim 49. characterized in that said test pattern has 
a pit row (nT + *nT) having pits with said longest pit 
length (nT) and non-pits with said longest non-pit 45 
length (*nT) repeated, a pit row (mT + *mT) having 
pits with said shortest pit length (mT) and non-pits 
with said shortest non-pit length (*mT) repeated, 
and a pit row [(m+1)T + *(m+1)Tl. [(m+2)T + 
*(m+2)T], [(m+4)T + *(m+4)7] and [(m+8)T + so 
*(m+8)T] equivalent to a pit row between a shortest 

pit length row (mT + *mT) and a predetermined pit 
length row and having pits having pit lengths 
(m+1)T, (m+2)T, (m+4)T and (m+8)T and non-pits 
having non-pit lengths *(m+1)T, *(m+2)T, *(m+4)T 55 
and *(m+8)T repeated, said latter pits lengths and 
non-pit lengths having no multiplication relation with 
one another between said shortest pit length row 
(mT + *mT) and said predetermined pit length row. 



54. The optical disk evaluating method according to 
claim 49, characterized in that said shortest pit 
length row (mT + *mT) is repeated over one track 
on said optical disk as a test pattern, and a pit 
length row [(m+1)T + *(m+1)T) and a pit length row 
[(m+2)T + •(m+2)T| are repeated over one track on 
said optical disk as a track adjacent to said shortest 
pit length row (mT + *mT) equivalent to a center 
track. 

55. The optical disk evaluating method according to 
claim 49, characterized in that said data area (28) is 
defined between a lead-in area (27) in an inner 
track area and a lead-out area (26) in an outer track 
area, and said test pattern area (26, 27, 28) is pro- 
vided in at least one of an inner peripheral area 
located outside and adjacent to said lead-in area 
(27) and an outer peripheral area located outside 
and adjacent to said lead-out area (26). 

56. The optical disk evaluating method according to 
claim 49, characterized in that said data area (28) is 
defined between a lead-in area (27) in an inner 
track area and a 1ead-out area (26) in an outer track 
area, and said test pattern ^rea (26, 27, 28) is pro- 
vided both in an inner peripheral area located out- 
side and adjacent to said lead-in area (27) and an 
outer peripheral area located outside and adjacent 
to said lead-out area (26). 

57. A recording method of recording data on an optical 
disk characterized by comprising: 

a data conversion step of converting data to be 
recorded to pit data equivalent to a pattern of 
pits and non-pits, said pits having one of a 
shortest pit length (mT), a longest pit length 
(nT) and a predetermined pit length between 
said shortest pit length (mT) and said longest 
pit length (nT) where T is a channel pit length 
and n and m are integers, said non-pits having 
one of a shortest non-pit length (*mT), a long- 
est non-pit length (*nT) and a predetermined 
non-pit length between said shortest non-pit 
length (*mT) and said longest non-pit length 
CnT); 

a step of generating a test signal equivalent to 
a test pattern provided outside said data area 
(28) and associated with a combination of 
shortest pits having said shortest pit length 
(mT), shortest non-pits having said shortest 
non-pit length (*mT). pits being selected from 
among pits having a predetermined pit length 
between said shortest pit length (mT) and said 
longest pit length (nT), and non-pits corre- 
sponding to said selected pits; 
a step of recording said pit data in a data area 
(28) on said optical disk and said test signal in 
a test pattern area (26, 27, 28) different from 
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said data area (28) on said optical disk, both in 
a pattern of said pits and non-pits. . 

58. The recorcfing method according to claim 57, char- 
acterized in that said test pattern has a pit row (nT 
+ *nT) having pits with said longest pit length (nT) 
and non-pits with said longest non-pit length (*nT) 
repeated. 

59. The recording method according to claim 57, char- 
acterized in that said test pattern has a pit row (mT 
+ *mT) having pits with said shortest pit length (mT) 
and non-prts with said shortest non-pit length fmT) 
repeated. 

60. The recording method according to claim 57, char- 
acterized in that said test pattern has a pit row (nT 
+ *nT) having pits with said longest pit length (nT) 
and non-pits with said longest non-pit length (*nT) 
repeated, a pit row (mT + *mT) having pits with said 
shortest pit length (mT) and non-pits with said 
shortest non-pit length (*mT) repeated, and a pit 
row [(m+1)T + *(m+1)T], [(m+2)T + *(m+2)Tl 
[(m+4)T + *(m+4)T| and l(nrv+8)T + *(m+8)T] equiv- 
alent to a pit row between a shortest pit length row 
(mT + *mT) and a predetermined pit length row and 
having pits having pit lengths (m+1)T. (m+2)T, 
(m+4)T and (rm-8)T and non-pits having non-pit 
lengths *(m+1)T, *(m+2)T, *(m+4)T and *(m+8)T 
repeated, said latter pits lengths and non-pit 
lengths having no multiplication relation with one 
another between said shortest pit length row (mT + 
*mT) and said predetermined pit length row. 

61. The recording method according to claim 57, char- 
acterized in that said shortest pit length row (mT + 
*mT) is repeated over one track on said optical disk 
as a test pattern, and a pit length row [(m+1)T + 
*(m+l)T] and a pit length row [(m+2)T + *(m+2)T| 
are repeated over one track on said optical disk as 
a track adjacent to said shortest pit length row (mT 
+ *mT) equivalent to a center track. 

62. The recording method according to claim 57, char- 
acterized in that said data area (28) is defined 
between a lead-in area (27) in an inner track area 
and a lead-out area (26) in an outer track area, and 
said test pattern area (26, 27, 28) is provided in at 
least one of an inner peripheral area located out- 
side and adjacent to said lead-in area (27) and an 
outer peripheral area located outside and adjacent 
to said lead-out area (26). 

63. The recording method according to claim 57, char- 
acterized in that said data area (28) is defined 
between a lead-in area (27) in an inner track area 
and a lead-out area (26) in an outer track area, and 
said test pattern area (26, 27, 28) is provided both 
in an inner peripheral area located outside and 



adjacent to said lead-in area (27) and an outer 
peripheral area located outside and adjacent to 
said lead-out area (26). 

s 64. The recording method according to claim 57, char- 
acterized in that pits have one of a shortest pit 
length (3T), a longest pit length (1 1T) and a prede- 
termined pit length (4T. 5T, 6T. 7T, 8T. 9T. 10T) 
between said shortest pit length (3T) and said long- 
to est pit length (11T), and non-pits have one of a 
shortest non-pit length (*3T), a longest non-pit 
length (*11T) and a predetermined non-pit length 
(*4T. *5T, *6T, *7T, *8T, *9T, MOT) between said 
shortest non-pit length (*3T) and said longest non- 
15 pit length (MIT). 

65. The recording method according to claim 57, char- 
acterized in that pits have one of a shortest pit 
length (4T). a longest pit length (18T) and a prede- 

20 termined pit length (5T, 6T. 7T, 8T. 9T, 10T, 11T, 
12T, 13T, 14T, 15T, 16T. 17T) between said shortest 
pit length (4T) and said longest pit length (18T), and 
non-pits have one of a shortest non-pit length (*4T), 
a longest non-pit tength (*18T) and a predeter- 

25 mined non-pit length (*5T, *6T, *7T, *8T, *9T, MOT, 
M1T, *12T, M3T, *14T. M5T, *16T. *17T) between 
said shortest non-pit length (*4T) and said longest 
non-pit length (*18T). 

30 66. A recording apparatus of recording data on an opti- 
cal disk characterized by comprising: 

data conversion means (201-228, 280) for con- 
verting .data to be recorded to pit data equiva- 

35 lent to a pattern of pits and non-pits, said pits 

having one of a shortest pit length (mT). a long- 
est pit length (nT) and a predetermined pit 
length between said shortest pit length (mT) 
and said longest pit length (nT) where T is a 

40 channel pit length and n and m are integers. 

said non-pits having one of a shortest non-pit 
length (*mT), a longest non-pit length (*nT) and 
a predetermined non-pit length between said 
shortest non-pit length (*mT) and said longest 

45 non-pit length (*nT); 

test signal generation means (220, 226-234) 
for generating a test signal equivalent to a test 
pattern provided outside said data area <28) 
and associated with a combination of shortest 

so pits having said shortest pit length (mT), short- 

est non-pits having said shortest non-pit length 
(*mT), pits being selected from among pits hav- 
ing a predetermined pit length between said 
shortest pit length (mT) and said longest pit 

55 length (nT), and non-pits corresponding to said 

selected pits; 

recording means (232) for recording said pit 
data in a data area (28) on said optical disk and 
said test signal in a test pattern area (26, 27, 
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28) different from said data area (28) jon said 
optical disk, both in a pattern of said pits and 
non-pits. 

67. The recording apparatus according to claim 66, 
characterized in that said test pattern has a pit row 
(nT + *nT) having pits with said longest pit length 
(nT) and non-pits with said longest non-pit length 
(*nT) repeated. 

68. The recording apparatus according to claim 66, 
characterized in that said test pattern has a pit row 
(mT + *mT) having pits with said shortest pit length 
(mT) and non-pits with said shortest non-pit length 
(*mT) repeated. 

69. The recording apparatus according to claim 66, 
characterized in that said test pattern has a pit row 
(nT + *nT) having pits with said longest pit length 
(nT) and non-pits with said longest non-pit length 
(*nT) repeated, a pit row (mT + *mT) having pits 
with said shortest pit length (mT) and non-pits with 
said shortest non-pit length (*mT) repeated, and a 
pit row [(m+1)T + *(m+1)"n, [(m+2)T + *(m+2)Tj, 
[(m+4)T + *(m+4)T] and [(m+8)T + *(m+8)T) equiv- 
alent to a pit row between a shortest pit length row 
(mT + *mT) and a predetermined pit length row and 
having pits having pit lengths (m+1)T, (m+2)T, 
(m+4)T and (m+8)T and non-pits having non-pit 
lengths *(m+1)T, *(m+2)T, *(m+4)T and *(m+8)T 
repeated, said latter pits lengths and non-pit 
lengths having no multiplication relation with one 
another between said shortest pit length row (mT + 
*mT) and said predetermined pit length row. 

70. The recording apparatus according to claim 66, 
characterized in that said shortest pit length row 
(mT + *mT) is repeated over one track on said opti- 
cal disk as a test pattern, and a pit length row 
[(m+1)T + *(m+1)T) and a pit length row [(m+2)T + 
*(m+2)T| are repeated over one track on said opti- 
cal disk as a track adjacent to said shortest pit 
length row (mT + *mT) equivalent to a center track. 

71. The recording apparatus according to claim 66, 
characterized in that said data area (28) is defined 
between a lead-in area (27) in an inner track area 
and a lead-out area (26) in an outer track area, and 
said test pattern area (26, 27, 28) is provided in at 
least one of an inner peripheral area located out- 
side and adjacent to said lead-in area (27) and an 
outer peripheral area located outside and adjacent 
to said lead-out area (26). 

72. The recording apparatus according to claim 66, 
characterized in that said data area (28) is defined 
between a lead-in area (27) in an inner track area 
and a lead-out area (26) in an outer track area, and 
said test pattern area (26. 27, 28) is provided both 



in an inner peripheral area located outside and 
adjacent to said lead-in area (27) and an outer 
peripheral area located outside and adjacent to 
said lead-out area (26). 

5 

73. The recording apparatus according to claim 66. 
characterized in that pits have one of a shortest pit 
length (3T), a longest pit length (1 IT) and a prede- 
termined pit length (4T, 5T, 6T, 7T, 81. 91. 10T) 

w between said shortest pit length (3T) and said long- 
est pit length (11T), and non-pits have one of a 
shortest non-pit length (*3T). a longest non-pit 
length (*11T) and a predetermined non-pit length 
(*4T, -5T, *6T, *7T, *8T, *9T, *10T) between said 

15 shortest non-pit length (*3T) and said longest non- 
pit length f11T). 

74. The recording apparatus according to claim 66, 
characterized in that pits have one of a shortest pit 

20 length (4T), a longest pit length (18T) and a prede- 
termined pit length (5T, 6T, 7T, 8T, 9T, 10T, 11T, 
12T. 13T, 14T, 15T f 16T, 17T) between said shortest 
pit length (4T) and said longest pit length (1 8T), and 
non-pits have one of a shortest non-pit length (*4T), 

25 a longest non-pit length (*18T) and a predeter- 
mined non-pit length (*5T, *6T, *7T. *8T. *9T. MOT. 
*11T, *12T. *13T. *14T. *15T. *16T. *17T) between 
said shortest non-pit length (*4T) and said longest 
non-pit length (*18T). 

30 

75. An optical disk characterized by comprising: 

a data area (28) on which data is recorded in a 
pattern of pits and lands, said pits having one 

35 of a shortest pit length <3T) , a longest pit length ■ 

(kT) and a pit length between said shortest pit 
length (31) and said longest pit length (kT) 
where T is a channel pit length, 3 < n < m < k 
and n, m and k are integers, said lands having 

40 one of a shortest non-pit length (*3T), a longest 

non-pit length (*kT) and a non-pit length 
between said shortest non-pit length (*3T) and 
said longest non-pit length (*kT); and 
a test pattern area (26, 27, 28) provided out- 

45 side said data area (28) and recorded with a 

test pattern having a pattern of pits with a pit 
length having one of 3T, mT, nT, lands with a 
land length having another one of 3T, MT, nT, 
pits with a pit length having remaining one of 

so 31. mT. nT, lands with a land length having one 

of 3T. mT, nT, bits with a pit length having 
another one of 3T, mT. nT and lands with a land 
length having remaining one of 3T. mT. nT 
repeated. 

55 

76. The optical disk according to claim 75. character- 
ized in that said data area (28) is defined between a 
lead-in area (27) in an inner track area and a lead- 
out area (26) in an outer track area, and said test 
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pattern area (26, 27, 28) is provided in said lead-in 
area (27). 

77. The optical disk according to claim 75. character- 
ized in that m and n s 6. m ^ n, and s 
m and ns14(=k). 

78. The optical disk according to claim 75, character- 
ized in that pits have one of a shortest pit length 3T, 

a longest pit length 14T and a predetermined pit 10 
length 4T, 5T. 6T, 7T, 8T, 9T, 10T, 11T, 12T or 13T 
between said shortest pit length 3T and said long- 
est pit length 14T, and lands have one of a shortest 
non-pit length *3T, a longest non-pit length *14T 
and a predetermined non-pit length *4T, *5T, *6T, is 
*7T. *8T, *9T, *1 OT, *1 1 T, *1 2T or *1 3T between said 
shortest non-pit length *3T and said longest non-pit 
length *14T. 

79. The optical disk according to claim 75, character- 20 
ized in that a repeated pattern of bits with a pit 
length 3T, lands with a land length of *6T (m = 6), 
pits with a pit length 7T (n = 7), lands with a land 
length *3T, pits with a pit length of 6T (m = 6) and 
lands with a land length *7T (n = 7) is recorded in 25 
said test pattern area (26, 27. 28). 

80. The optical disk according to claim 77, character- 
ized in that a pattern of pits with said pit length 3T, 
lands with said land length of *6T (m = 6) and pits 30 
with a pit length 7T (n = 7) is equivalent to a code 
word "0010000010000001." 

81. The optical disk retrieving apparatus according to 
claim 77, characterized in that m = 6 and n = 7 and 35 
a pattern of pit and land reputation has one 
selected from a group of 3T-*6T-7T-*3T-6T-*7T 
lengths, 3T-*7T-6T-*3T6T-*7T lengths, 6T-*3T-7T- 
*6T-3T-*7T, 7T-*3T-6T-*7T-3T-*6T, 6T-*7T-3T-*6T-7T- 
*3T, and 7T-*6T-3T--7T-6T-*3T. 40 

82. An optical disk retrieving apparatus characterized 
by comprising: 

reading means (30) for optically reading a test 45 
pattern and data as reproduction signals from 
an optical disk including a data area (28) hav- 
ing pits and non-pits arranged in accordance 
with record data, and said test pattern having 
said pits and non-pits arranged based on a pre- so 
determined arrangement rule; 
detection means (104, 105. 106, 107, 109) for 
detecting an error rate of a reproduction signal 
read from said test pattern; and 
compensation means (50. 52. 104, 109) for 55 
compensating a reproduction signal so as to 
minimize said error rate. 



83. The optical disk retrieving apparatus according to 
claim 82, characterized in that said optical disk 
comprises: 

a data area (28) on which data is recorded in a 
pattern of pits and lands, said pits having one 
of a shortest pit length (31) , a longest pit length 
(kT) and a pit length between said shortest pit 
length (3T) and said longest pit length (kT) 
where T is a channel pit length, 3 < n < m < k 
and n, m and k are integers, said lands having 
one of a shortest non-pit length (*3T). a longest 
non-pit length (*kT) and a non-pit length 
between said shortest non-pit length (*3T) and 
said longest non-pit length (*kT); and 
a test pattern area (26. 27. 28) provided out- 
side said data area (28) and recorded with a 
test pattern having a pattern of pits with a pit 
length having one of 3T. mT, nT. lands with a 
land length having another one of 3T, mT, nT, 
pits with a pit length having remaining one of 
3T, mT. nT. lands with a land length having one 
of 3T. mT. nT. bits with a pit length having 
another one of 3T. mT. nT and lands with a land 
length having remaining .one of 3T, mT, nT 
repeated. . 

84. The optical disk retrieving apparatus according to 
claim 83, characterized in that said data area (28) is 
defined between a lead-in area (27) -in an inner 
track area and a lead-out area (26) in an outer track 
area, and said test pattern area <26, 27, 28) is pro- 
vided in said lead-in area (27). 

85. The optical disk retrieving apparatus according to 
claim 83, characterized in that m and ns6,min, 
and m and n ^ 14(= k) . 

86. The optical disk retrieving apparatus according to 
claim 83, characterized in that pits have one of a 
shortest pit length 3T, a longest pit length 14T and 
a predetermined pit length 4T, 5T, 6T, 7T, 8T, 9T, 
10T, 11T, 12T or 13T between said shortest pit 
length 3T and said longest pit length 14T, and lands 
have one of a shortest non-pit length *3T, a longest 
non-pit length *14T and a predetermined non-pit 
length *4T, *5T, *6T, *7T, *8T, *9T, MOT, *11T, *12T 
or *13T between said shortest non-pit length *3T 
and said longest non-pit length *14T 

87. The optical disk retrieving apparatus according to 
claim 83. characterized in that a repeated pattern of 
bits with a pit length 3T, lands with a land length of 
*6T (m = 6). pits with a pit length 7T (n = 7). lands 
with a land length *3T. pits with a pit length of 6T (m 
= 6) and lands with a land length *7T (n = 7) is 
recorded in said test pattern area (26, 27, 28). 
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88. The optical disk retrieving apparatus according to 
claim 83. characterized in that a pattern of pits with 
said pit length 3T, lands with said land length of *6T 
(m = 6) and pits with a pit length 7T (n = 7) is equiv- 
alent to a code word "0010000010000001 ." 

89. The optical disk retrieving apparatus according to 
claim 83, characterized in that m = 6 and n = 7 and 
a pattern of pit and land reputation has one 
selected from a group of 3T-*6T7T-*3T6T-*7T 
lengths, 3T-*7T-6T--3T-6T-*7T lengths. 6T-*3T-7T- 
*6T-3T-*7T, 7T-*3T-6T-*7T-3T-*6T, 6T-*7T-3T-*6T-7T- 
*3T, and 7T--6T-3T-*7T-6T«*3T. 

90. An optical disk playing method characterized by 
comprising the steps of: 

optically reading a test pattern and data as 
reproduction signals from an optical disk 
including a data area (28) having pits and non- 
pits arranged in accordance with record data, 
and said test pattern having said pits and non- 
pits arranged based on a predetermined 
arrangement rule; 

detecting an error rate of a reproduction signal 
read from said test pattern; and 
compensating a reproduction signal so as to 
minimize said error rate. 

91. The optical disk playing method according to claim 
90, characterized in that said optical disk com- 
prises: 

a data area (28) on which data is recorded in a 
pattern of pits and lands, said pits having one 
of a shortest pit length (3T). a longest pit length 
(kT) and a pit length between said shortest pit 
length (3T) and said longest pit length (kT) 
where T is a channel pit length, 3 < n < m < k 
and n. m and k are integers, said lands having 
one of a shortest non-pit length (*3T), a longest 
non-pit length (*kT) and a non-pit length 
between said shortest non-pit length (*3T) and 
said longest non-pit length (*kT); and 
a test pattern area (26. 27. 28) provided out- 
side said data area (28) and recorded with a 
test pattern having a pattern of pits with a pit 
length having one of 3T, mT. nT, lands with a 
land length having another one of 3T, mT, nT, 
pits with a pit length having remaining one of 
3T, mT, nT, lands with a land length having one 
of 3T, mT. nT, bits with a pit length having 
another one of 3T. mT, nT and lands with a land 
length having remaining one of 3T, mT. nT 
repeated. 

92. The optical disk playing method according to claim 
90, characterized in that said data area (28) is 
defined between a lead-in area (27) in an inner 



track area and a lead-out area (26) in an outer track 
area, and said test pattern area (26. 27. 28) is pro- 
vided in said lead-in area (27). 

5 93. The optical disk playing method according to claim 
90. characterized in that m and n s 6, m s n, and 
m and n s H(=k). 

94. The optical disk playing method according to claim 
10 93. characterized in that pits have one of a shortest 

pit length 3T, a longest pit length 14T and a prede- 
termined pit length 4T, 5T, 6T. 7T. 8T. 9T. 10T. 11T. 
12T or 13T between said shortest pit length 3T and 
said longest pit length 14T. and lands have one of a 
is shortest non-pit length *3T. a longest non-pit length 
*14T and a predetermined non-pit length *4T, *5T. 
*6T, *7T, *8T, *9T. MOT. *1 1T, *12T or *13T between 
said shortest non-pit length *3T and said longest 
non-pit length *14T. 

20 

95. The optical disk playing method according to claim 
90. characterized in that a repeated pattern of bits 
with a pit length 3T, lands with a land length of *6T 
(m = 6). pits with a pit length 7T (n = 7), lands with 

25 a land length *3T. pits with a pit length of 6T (m = 6) 
and lands with a land length *7T (n = 7) is recorded 
in said test pattern area (26. 27. 28). 

96. The optical disk playing method according to claim 
30 90, characterized in that a pattern of pits with said 

pit length 3T. lands with said land length of *6T (m = 
6) and pits with a pit length 7T (n = 7) is equivalent 
to a code word "001000001 0000001 

35 97. The optical disk retrieving apparatus according to 
claim 90, characterized in that m = 6 and n = 7 and 
a pattern of pit and land reputation has one 
selected from a group of 3T-*6T-7T-*3T-6T-*7T 
lengths, 3T-*7T-6T-*3T-6T-*7T lengths. 6T-"3T-7T- 

40 *6T-3T-*7T, 7T-*3T-6T-*7T-3T-*6T, 6T-*7T-3T-*6T-7T- 

*3T, and 7T-*6T-3T-*7T-6T-*3T. 

98. A recording method of recording data on an optical 
disk characterized by comprising: 

45 

a data conversion step of converting data to be 
recorded to pit data equivalent to a pattern of 
pits and lands, said pits having one of a short- 
est pit length (3T), a longest pit length (kT) and 

so a pit length between said shortest pit length 

(3T) and said longest pit length <kT) where T is 
a channel pit length, 3 < n < m < k and n, m and 
k are integers, said lands having one of a short- 
est non-pit length (*3T). a longest non-pit 

55 length (*kT) and a non-pit length between said 

shortest non-pit length (*3T) and said longest 
non-pit length (*kT); 

a step of preparing a test signal equivalent to a 
test pattern provided outside said data area 
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(28) and having a pattern of pits with a pit 
length having one of 3T, mT. nT, lands with a 
land length having another one of 3T, mT, nT, 
pits with a pit length having remaining one of 
3T, mT, nT, lands with a land length having one 
of 3T. mT, nT. bits with a pit length having 
another one of 3T, mT, nT and lands with a land 
length having remaining one of 3T, mT, nT 
repeated; and 

a step of recording said pit data in a data area 
(28) on said optical disk and said test signal in 
a test pattern area (26, 27, 28) different from 
said data area (28) on said optical disk, both in 
a pattern of said pits and non-pits. 

99. The recording method according to claim 98, char- 
acterized in that said data area (28) is defined 
between a lead-in area (27) in an inner track area 
and a lead-out area (26) in an outer track area, and 
said test pattern area (26, 27, 28) is provided in 
said lead-in area (27). 

100. The recording method according to claim 98, char- 
acterized in that m and n s 6, m £ n, and 
m and n s 14 (= k). 

101 .The recording method according to claim 98. char- 
acterized in that pits have one of a shortest pit 
length 3T, a longest pit length 14T and a predeter- 
mined pit length 4T. 5T, 6T. 7T, 8T, 9T, 10T, 1 1T. 12T 
or 1 3T between said shortest pit length 3T and said 
longest pit length 14T. and lands have one of a 
shortest non-pit length *3T, a longest non-pit length 
*14T and a predetermined non-pit length *4T, *5T, 
*6T, *7T, *8T, # 9T. *10T, *1 1T, *12T or *13T between 
said shortest non-pit length *3T and said longest 
non-pit length *14T 

102. The recording method according to claim 98, char- 
acterized in that a repeated pattern of bits with a pit 
length 3T, lands with a land length of *6T (m = 6). 
pits with a pit length 7T (n = 7), lands with a land 
length *3T pits with a pit length of 6T (m = 6) and 
lands with a land length *7T (n = 7) is recorded in 
said test pattern area (26, 27, 26). 

103. The recording method according to claim 98, char- 
acterized in that a pattern of pits with said pit length 
3T, lands with said land length of *6T (m = 6) and 
pits with a pit length 7T (n = 7) is equivalent to a 
code word "0010000010000001 

104. The optical disk retrieving apparatus according to 
claim 98. characterized in that m = 6 and n = 7 and 
a pattern of pit and land reputation has one 
selected from a group of 3T-*6T-7T-*3T-6T-*7T 
lengths, 3T-*7T-6T-*3T-6T-*7T lengths, 6T-*3T-7T- 
*6T-3T-*7T, 7T-*3T-6T-*7T-3T-*6T, 6T-*7T-3T-*6T-7T- 
*3T. and 7T-*6T-3T-*7T6T-*3T. 



105. A recording apparatus for recording data on an 
optical disk characterized by comprising: 

data conversion means (201 -228, 280) for con- 

5 verting data to be recorded to pit data equiva- 

lent to a pattern of pits and lands, said pits 
having one of a shortest pit length (3T), a long- 
est pit length (kT) and a pit length between said 
shortest pit length (3T) and said longest pit 

w length (kT) where T is a channel pit length, 3 < 

n < m < k and n. m and k are integers, said 
lands having one of a shortest non-pit length 
(*3T). a longest non-pit length (*kT) and a non- 
pit length between said shortest non-pit length 

is (*3T) and said longest non-pit length (*kT); 

means (220-230) for preparing a test signal 
equivalent to a test pattern provided outside 
said data area (28) and having a pattern of pits 
with a pit length having one of 3T, mT, nT. lands 

20 with a land length having another one of 3T. 

mT, nT. pits with a pit length having remaining 
one of 3T, mT, nT, lands with a land length hav- 
ing one of 3T, mT, nT, bits with a pit length hav- 
ing another one of 3T. mT, nT and lands with a 

25 land length having remaining one of 3T mT, nT 

repeated; and 

recording means (232) for recording said pit 
data in a data area (28) on said optical disk and 
said test signal in a test pattern area (26, 27, 
30 28) different from said data area (28) on said 

optical disk, both in a pattern of said pits and 
non-pits. 

106. The recording apparatus according to claim 105. 
35 characterized in that said data area (28) is defined 

between a lead-in area (27) in an inner track area 
and a lead-out area (26) in an outer track area, and 
said test pattern area (26. 27, 28) is provided in 
said lead-in area (27). 

40 

107. The recording apparatus according to claim 105. 
characterized in that m and n s 6, m g n, and 
m and n < 14 (= k) . 

45 108.The recording apparatus according to claim 105, 
characterized in that pits have one of a shortest pit 
length 3T, a longest pit length 14T and a predeter- 
mined pit length 4T, 5T, 6T. 7T. 8T. 9T, 10T, 1 1T. 12T 
or 13T between sad shortest pit length 3T and said 

so longest pit length 14T, and lands have one of a 
shortest non-pit length *3T. a longest non-pit length 
*14T and a predetermined non-pit length *4T, *5T. 
*6T *7T. *8T, *9T, MOT, *11T. *12Tor *13T between 
said shortest non-pit length *3T and said longest 

55 non-pit length * 1 4T. 

109.The recording apparatus according to claim 105, 
characterized in that a repeated pattern of bits with 
a pit length 3T, lands with a land length of *6T (m = 
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6). pits with a pit length 7T (n = 7), lands with a land 
length *3T. pits with a pit length of 6T (m = 6) and 
lands with a land length *7T (n = 7) is recorded in 
said test pattern area (26. 27, 28). 

5 

110. The recording apparatus according to claim 105. 
characterized in that a pattern of pits with said pit 
length 3T. lands with said land length of *6T (m = 6) 
and pits with a pit length 7T (n = 7) is equivalent to 

a codeword "0010000010000001." 10 

111. The optical disk retrieving apparatus according to 
claim 105, characterized in that m = 6 and n = 7 and 
a pattern of pit and land reputation has one 
selected from a group of 3T-*6T-7T-*3T-€T-*7T 75 
lengths, 3T-*7T-6T-*3T-6T-*7T lengths, 6T-*3T-7T- 
*6T-3T-*7T. 7T-*3T-6T-*7T-3T-*6T, 6T-*7T-3T-*6T-7T- 
*3T. and 7T-*6T-3T-*7T-6T-*3T. 
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